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INTRODUCTION 


The first cytological study of Fucus is that of FARMER and 
Wi1tiAms (8), published about ten years ago as a preliminary note. 
The next year STRASBURGER’S paper (24) on Kerntheilung und Be- 
fruchtung bei Fucus appeared. In 1898 the final paper of FARMER 
and WILLIAMS (9) was published. 

FARMER and WILLIAMS’ material, Fucus platycarpus, F. serratus, 
and F. vesiculosus, was collected on the coast of England. Their 
account deals with egg-formation in the oogonium, particular atten- 
tion being devoted to the third division; also with fertilization and 
early segmentation divisions. Ascophyllum nodosum and Pelvetia 
canaliculata were used in a supplementary way. STRASBURGER’S 
work was based chiefly on material from Heligoland, Germany; 
in it he describes in detail the third division in the oogonium of 
Fucus platycarpus and the fertilization processes in*F. serratus‘and 
F. vesiculosus. 

To the brilliant results of these authors we owe most of our present 
knowledge of the cytology of these forms. Since the work of FARMER, 
WILLIAMs, and STRASBURGER, cytological conditions have been studied 
in’a few algae, such as Dictyota (WILLIAMS 27), Nemalion (WOLFE 
28), and Polysiphonia (YAMANOUCHI 29). The morphology of chro- 
mosomes, in connection with the theoretical problem of alternation 
of generations, especially in the algae, is becoming a more important 
problem. For the solution of such a problem, there must be a 
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thorough study of the life-cycle of chromosomes; unfortunately not 
much of such work has been done in algae. The work of FARMER, 
WILLIAMS, and STRASBURGER dealt only slightly with the first two 
mitoses in the oogonium,. where it was inferred, but not actually 
observed, that the reduction of chromosomes takes place. Mitoses 
in the antheridium, from the first division to the development of 
mature sperms, were not studied. In the present investigation, 
special attention is paid to the behavior of chromosomes in the first 
and second mitoses in the oogonium, and to mitoses in the antheridium. 

The results here presented are based upon a study of Fucus 
vesiculosus L. Material was collected and fixed at Woods Hole, 
Mass., during the latter part of March and early April, 1908. As 
fixing reagents, Flemming’s weak solution containing osmic acid, 
with various modifications, proved to be most satisfactory. There 
are several points of interest and importance in regard to the relation 
between the frequency of mitotic figures and environmental con- 
ditions, both in the oogonium and antheridium and in the young 
thallus. In general, the plants collected one or two hours after being 
covered by the tide were full of figures. Material was imbedded in 


paraffin with a melting point a little less than 52°C. Sections were 
cut 3#, sometimes 5 thick. Flemming’s saffranin and Heiden- 
hain’s iron alum hematoxylin, with or without counterstains, were 
mostly used in the slides from which the accompanying illustrations 
were made. 


To Professors JoHN M. CouLTER and CHARLES J. CHAMBERLAIN 
I am indebted for their kind suggestions and criticism during the 
progress of this work. 


MITOSES IN VEGETATIVE CELLS OF THE THALLUS 


Any young part of the thallus, when well fixed, showed figures 
available for study, especially in the apical region, in the adventitious 
outgrowths which -are not infrequent, and in the early stages of 
conceptacles or cryptosomata. The nuclei in the thallus, except 
in cases of young sporelings, are generally very small and difficult 
to study; but to make certain as to whether the number of chromo- 
somes remains constant in the thallus grown under normal conditions, 
a thorough study was made of the typical mitoses at various stages of 
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development. The following brief account of the essentials is 
illustrated by figures from the apical portions of male and female 
plants. Since the mitoses in male and female plants are precisely 
alike, the following account may be understood as applicable in 
either case. 

The nuclei in the growing apex of the plant are somewhat larger 
than those in older regions of the thallus, sometimes filling almost 
all of the lower half of a narrow elongated palisade cell, such as 
constitutes the surface layer of the thallus. The cells are filled with 
an abundance of contents, such as plastids, physodes, and other 
granular substances of undetermined nature. In regions where such 
contents are scarce, the cytoplasm shows a very fine alveolar structure, 
which gradually becomes granular, even, and homogeneous toward 
the nuclear membrane. 

In early prophase the chromatin network of the resting nucleus 
changes to a structure in which numerous chromatin knots become 
more and more pronounced, until they become transformed into 
well-developed chromosomes (jigs. ra, 1b, 7). The chromosomes, 
which at first appear very irregular in size and shape, now become 
quite similar in form, slightly bent, and in this condition they are 
arranged in an equatorial plate (jigs. 2, 8). 

During the chromosome development within the nucleus, the 
cytoplasm has a tendency to become transformed into kinoplasm at 
the two poles. As a rule in these kinoplasmic accumulations, centro- 
somes appear first in the late prophase, when the chromosomes are 
arranged in the equator (jig. 2). The nuclear membrane persists 
generally up to late metaphase, being especially well marked toward 
the equatorial region. In the polar region where the centrosomes 
lie, the membrane will perhaps be very faint, so as to allow the 
developing spindle fibers to intrude into the nuclear cavity while the 
astral rays are formed outside. Owing to the minuteness of the 
nucleus, it is rather difficult to make any positive statement in regard 
to the origin of the centrosome and spindle. These features can be 
treated more satisfactorily in connection with the divisions in the 
oogonium and the early segmentations of the fertilized egg. 

The number of chromosomes in the early prophase (figs. ra, 1b) 
is more than 60, but 64 chromosomes can be counted with certainty 
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in the late prophase (jigs. 3, 7) and anaphase (figs. 6, 12a, 12b) in 
the polar view of the equatorial plate. In metaphase, the chromo- 
somes at the equator split and separate, and in anaphase two sets 
of daughter chromosomes proceed toward the poles (figs. 4, 10). 
The sets of daughter chromosomes when they reach the poles no longer 
remain in one plane, but become aggregated into more or less irregu- 
lar spherical masses which then become vacuolate. Probably through 
the interaction of the nuclear sap, derived perhaps from the vacuola- 
tion, and of the surrounding cytoplasm, a new membrane is organized, 
thus completing the process of typical mitosis. 

The centrosomes that were always observed staining black at 
the poles lose gradually their sharp identity, until they can no longer 
be differentiated by stains. 


MITOSES IN ANTHERIDIA 


In Fucus antheridia develop from wall cells of the conceptacle. 
A wall cell of the conceptacle puts forth a papilla which is cut off 
by a transverse wall (fig. 13). The papilla grows for a time and 
divides, forming the antheridium and its stalk (fig. 14). A stalk 
cell may produce again either several antheridia directly or a papilla 
which gives rise to an antheridium and a stalk; the latter often 
repeats papilla formation again and again, so that there are produced 
conspicuous branching systems bearing numerous antheridia. 

The young antheridium enlarges after its formation until its 
length becomes 2-4 times greater than its breadth, the growth of the 
cell being accompanied by that of its nucleus. The cytoplasm 
contains deeply staining granules and is very dense, especially in the 
neighborhood of the nucleus. The nucleus in the resting condition 
contains a comparatively large amount of chromatin substance 
arranged in a network evenly distributed throughout the nuclear 
cavity. At this time neither kinoplasmic accumulations nor cen- 
trosomes are differentiated. The nuclear network, composed of 
ragged chromatin, now becomes transformed into a somewhat thicker 
thread (fig. 15). 

This transformation of the chromatin from a fine ragged reticulum 
to a thread accompanies the first manifestation of polarity in the 
nucleus; for it does not occur simultaneously throughout the cavity, 
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but is more active near the nuclear membrane. The fine ragged 
material previously scattered throughout the central portion of the 
nucleus moves toward the peripheral region and becomes trans- 
formed into chromatin threads, leaving the central part of the cavity 
comparatively free from chromatin (fig. 16). The chromatin threads 
become thicker and an eccentric distribution of them takes place 
(fig. 17), until finally they are grouped in synapsis at one side of the 
cavity (jig. 18). 

The chromatin threads, thus eccentrically grouped in synapsis, 
have a certain regularity, i. e., they are not in a tangled mass or ball, 
but are in groups of almost parallel loops, converging to a spot where 
they are attached to the inside of the membrane. While this eccentric 
synapsis of chromatin threads is going on within the nucleus, in close 
association with the threads in synapsis, the cytoplasm directly out- 
side the membrane becomes transformed into dense kinoplasm. 
Not infrequently there are two synaptic groups (fig. 19) at two 
opposite poles within the nucleus; and naturally in such cases two 
kinoplasmic accumulations appear in association with the two 
synaptic groups. 

The loops grouped in synapsis thicken and shorten, the two arms 
of each loop touching each other (jigs. 20, 21). They now condense . 
considerably, appearing therefore a little smaller, and become de- 
tached from the spot where they lay during synapsis. Each of these 
condensed loops becomes a pair of bivalent chromosomes (fig. 22). 
Later, the two halves of such a bivalent chromosome become closely 
applied to each other, so that the whole chromosome appears to be a 
small spherical mass. Such is the condition of prophase. 

In late prophase a single centrosome appears in the kinoplasmic 
accumulation at one pole (jig. 23), the centrosome at the other pole 
making its appearance later. Radiations and achromatic spindles 
develop in connection with the centrosomes. The spindles then 
attach themselves to the chromosomes and an equatorial plate is 
established (fig. 24). 

It is important to note the origin of the chromatin threads or 
spirem in synapsis and the relation between the spirem and chromo- 
somes. The chromatin threads in synapsis, which have arisen from 
the transformation of a delicate ragged chromatin reticulum in the 
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resting nucleus of the young antheridium, are not paired, but single. 
As a consequence, the loops in synapsis are single in nature. An 
examination of the loops cut transversely during synapsis showed 
that the arms of the loops are altogether about 64 in number (fig. 21). 
Finally, both ends of the loops being detached, 64 chromosomes are 
formed, each pair of which, being derived from two arms of a loop, 
becomes a pair of bivalent chromosomes. The number of these 
bivalent chromosomes may be readily counted again in the polar 
view of the equatorial plate (jig. 25). When the two halves of a 
bivalent chromosome begin to separate, the figure (fig. 26) shows 
the characteristic aspect of the heterotypic mitosis. The two sets of 
the daughter chromosomes then separate and proceed to the poles of 
the spindle (figs. 27, 28, 29, 30). The central spindle is of short 
duration; when the daughter chromosomes aggregate in a mass and 
organize a new nucleus, the spindle fibers entirely disappear. The 
centrosomes disappear at the end of telophase. 

The two daughter nuclei, after a short rest, commence the second 
division, which is simultaneous, the antheridium remaining without 
much increase in size. In prophase, 32 chromosomes are differ- 
entiated from the chromatin reticulum, and in the later part of this 
phase two centrosomes appear (figs. 31, 31a) one after the other; the 
achromatic spindle is developed in connection with the centrosomes 
and an intranuclear mitotic figure is established (figs. 32, 32a). 
Metaphase (jig. 32), anaphase (fig. 33), and telophase in the two 
nuclei proceed simultaneously and finally four nuclei are formed. 

Soon after the telophase, the cytoplasm between the four newly 
formed nuclei shows a fibrillar arrangement connecting the nuclei, 
but the display is of short duration and the four nuclei remain either 
in a group or scattered with no regularity along the longitudinal axis 
of the antheridium. The second division does not differ much from 
typical mitosis, except that the nuclear membrane dissolves at an 
earlier stage in prophase, and that no cell plate is laid down between 
the daughter nuclei. 

The four nuclei in the antheridium, after a short rest, begin the 
third division, which is accompanied by a gradual growth of the cell. 
The third division in each of these four nuclei naturally results in 
eight nuclei (figs. 34, 34a, 35, 354, 36, 36a). The eight nuclei give 
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rise by simultaneous division to sixteen nuclei (fig. 37). The fifth 
division follows at once in each of these sixteen nuclei, resulting in 
the formation of thirty-two nuclei (jig. 38). These simultaneous 
mitoses take place with only short resting periods between, and 
precisely the same as the second mitosis. The centrosome is most 
brilliant at the first mitosis and gradually becomes fainter in the 
successive divisions. The number of chromosomes in early meta- 
phase (jigs. 34a, 37a, 38a) and late anaphase (fig. 36a) of these 
mitoses is 32. 

The formation of partition walls in the antheridium begins to 
take place at the 32-nucleate stage. Up to this stage, the nuclei of 
the antheridium are free, but finally in telophase of the fifth mitosis, 
with the disappearance of the central spindle in each mitotic figure, 
there could be seen in the neutral region between any two nuclei the 
faint manifestation of a protoplasmic plate formed by the transverse 
walls of fine alveoli becoming perceptibly thicker and arranging 
themselves in such a way as to appear as an uneven or somewhat 
zigzag line in section. The unevenly continuous walls of the alveolar 
lamellae grow gradually thicker, and soon uniform plates are laid 
down simultaneously, so that the antheridium is divided into 32 cells. 

The nuclei in these cells of the antheridium undergo one more 
mitosis, the sixth, which results in 64 nuclei (fig. 39). Thirty-two 
chromosomes are present at this mitosis (fig. 39a). This last division 
is also accompanied by the laying down of thin protoplasmic parti- 
tion walls, so that the antheridium now contains 64 cells, which are 
spermatids or sperm mother cells. 

The nuclei in the spermatids undergo a peculiar modification, and 
with an accompanying change of cytoplasm surrounding the nucleus, 
there is produced a sperm with two cilia. The details of the events 
which occur in the antheridium following the 32-celled stage, as well 
as the development of the sperm from the spermatid, will be treated 
in a separate paper which will be published later. 








Ka MITOSES IN OOGONIA 


It is well known that oogonia in Fucus develop from the wall cells 
of the conceptacle. The wall cell puts forth a papilla which divides 
into two cells, an oogonium and its stalk. The oogonium enlarges 
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to a considerable size, and three mitoses occur within, naturally pro- 
ducing 8 nuclei, each of which with its cytoplasm becomes an egg. 

The mitoses in the oogonium of Fucus have already been studied 
chiefly in Fucus platycarpus, and in a supplementary way in F. 
serratus, by STRASBURGER, and mainly in F. vesiculosus, and in a 
supplementary way in Ascophyllum nodosum, by FARMER and WIL- 
t1AMs. The detailed accounts given by these authors are devoted 
chiefly to the last one of the three mitoses, the first and second mitoses 
being touched only slightly. The following is a description of the 
first two divisions in the young oogonium in Fucus vesiculosus. 

The resting nucleus in the oogonium contains a delicate chromatin 
reticulum which is scattered irregularly throughout the cavity. The 
amount of chromatin substance seems rather scanty in proportion 
to the size of the nucleus (jig. go). One or two very large nucleoli 
generally lie isolated in the center. The cytoplasm in general has a 
very delicate alveolar structure, which is very frequently interrupted 
here and there by plastids, physodes, and black-staining spherical 
bodies of undetermined nature. Toward the periphery of the nucleus, 
the cytoplasm assumes.a mixed structure of fine granules and fibrils. 
The nuclear membrane seems extremely delicate. No polarity is 
manifested in this resting condition. 

In very early prophase, a ragged chromatin reticulum gradually 
passes into a thread, at first branched anc then becoming simple. 
As was described for the first mitosis in the antheridium, the trans- 
formation of the ragged chromatin into a thread is more active at the 
periphery of the cavity, so that after a while the chromatin threads 
are observed running irregularly and more abundantly along the 
periphery than in the center, thus leaving the center nearly free from 
chromatin (figs. 41a, 41b). When the partial distribution of the 
chromatin thread proceeds farther, the most of the tangled mass of 
threads is located at one side of the nuclear cavity (figs. 41b, 42a, 

2b), showing the beginning of a typical synapsis. 

Coordinate with these interniclear changes, kinoplasm develops 
and accumulates close to the nuclear membrane at a spot where it 
associates with the synaptic group of the threads within the nucleus. 
The threads gradually shorten and thicken. The irregularly tangled 
threads now become regularly arranged into loops. These loops 
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are evidently formed by the folding back repeatedly of long con- 
tinuous threads, the blunt ends of which protrude toward the cavity, 
while the opposite ends become closely attached to the nuclear 
membrane (figs. 43a, b, c; 44a, b). The loops are therefore not 
independent of one another, but are connected also at the base, which 
is in contact with the membrane in such a way that an arm of one loop, 
by turning back, passes directly to the arm of the next loop. These 
connections of the loops at the base are detached and there results 
a number of loops in synapsis. The number of the loops is not 
easily counted from profile views; however, a section cut transversely 
through the loops showed that there are 64 cut ends of arms of the 
loops (jig. 45). Consequently, the number of loops is 32, each loop 
consisting of two arms. 

The loops differ at first in their thickness and length, but by 
thickening and shortening they gradually become similar, a change 
which is more rapid in the thinner and longer ones. The loops 
now become more closely associated with one another during the 
culmination of synapsis. The two arms of each of these loops in 
contact with each other gradually become more compact and con- 
sequently appear smaller. The two arms of each of these loops then 
separate at the bend—the point of connection—and form a pair of 
bivalent chromosomes in prophase of the first division. The bivalent 
chromosomes remain for a while at the spot where they were grouped 
in synapsis, and then become distributed in the nuclear cavity (fig. 
46). Therefore in Fucus, pachynema, strepsinema, and diakinesis 
stages are very much modified. 

Some attention was paid to the centrosome. When the kino- 
plasmic accumulation is first visible at one pole of the nucleus in early 
prophase, a small body is differentiated distinctly in the midst of 
the accumulation, and it soon becomes surrounded by radiations. 
The centrosome with its radiations is always in association with the 
synaptic group of loops. When the bivalent chromosomes are 
scattered throughout the cavity (figs. 47a, b, c), a second centrosome 
makes its appearance, generally at a distance from the first one, 
sometimes 180° apart from it, but often not so far away (jigs. 4ga, b). 
The centrosome within the kinoplasm sometimes fragments into two, 
but then they remain side by side without separating or establishing 
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a new sister centrosome with new radiations. The two centrosomes 
in the prophase of the first division in the oogonium in Fucus seem 
to be entirely independent, one appearing after the other. Often the 
second centrosome has not yet appeared even at a late prophase, when 
the chromosomes are well organized (figs. 48a, b). The radiations 
seem to increase in number and elongate, probably at the expense 
of the cytoplasm, as the mitotic process proceeds from prophase to 
metaphase. 

The spindle fibers at first are clearly seen developing from the 
area surrounding the centrosome, where the nuclear membrane 
seems to be so thin as to allow the intrusion of the achromatic sub- 
stance. The rest of the membrane holds its contour very sharply, 
so that the mitotic figure is intranuclear. Thus the intranuclear 
spindle of Fucus seems extranuclear in origin. 

In late prophase the bivalent chromosomes are arranged in the 
equator. The nucleolus often remains as a vacuolate structure. 
The axis of the figure of the first division is variable, either parallel 
(fig. 50) or perpendicular (fig. 57) to that of the oogonium. The 
nuclear membrane, as a rule, dissolves after metaphase, and yet the 
outline of the figure remains even to late anaphase (fig. 53) without 
the intrusion of the surrounding cytoplasm. 

The number of chromosomes in prophase emerging from synapsis 
is 32, each being bivalent (figs. 48a, b). "The same number is counted 
from the polar view of early metaphase (fig. 52b). In metaphase, 
the two halves of the bivalent chromosomes separate. These two 
halves are not formed by the splitting of one chromosome, but are 
two independent chromosomes which were two arms of one loop. 
Later metaphase (fig. 53) and anaphase (fig. 54) follow; in late 
anaphase the chromosomes near the pole are straight rod-shaped, 
without any apparent indication of partition (fig. 55). Probably the 
initiation of the splitting which provides for the second division may 
be very much delayed in this form. After telophase there are organ- 
ized two daughter nuclei and the centrosomes become unrecognizable. 

The second division in the oogonium follows the first after only 
ashort rest. The differentiation of the chromosomes from the ragged 
chromatin reticulum and the appearance of centrosomes seem essen- 
tially the same as in the typical mitosis. The mitotic processes in 
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the two nuclei, from the beginning to the end, always proceed simul- 
taneously (figs. 56-62). In the prophase generally a remnant of the 
nucleolus is seen at the side of spindle fibers (fig. 56) which persists 
to a late anaphase (fig. 59). The relation of the axes of the two 
figures varies (fig. 57). In early metaphase the polar view of the 
chromosomes in the equator shows the number to be 32 (fig. 58b). 
Anaphase and telophase follow as was described in typical mitosis. 
The centrosomes always persist with a beautiful display of radiations. 
When the daughter chromosomes reach the poles and become vacuo- 
late, some of the central spindles seem to be replaced by fibrillar 
cytoplasm. ‘The cytoplasm between the newly formed nuclei of two 
sister figures also changes to a fibrillar structure; thus the four nuclei 
are connected with cytoplasmic fibers (fig. 63) that resemble the late 
telophase of the second division of spore mother cells of some higher 
plants. Soon after, the fibrillar cytoplasmic structures fade entirely 
away, and the four daughter nuclei come into close association with 
one another at the center of the oogonium, and rest for a considerable 
period. There then follows a rapid growth in the oogonium, which 
almost reaches its full size before the third division begins. 

Detailed descriptions of the third division were given by FARMER, 
WritiAms, and STRASBURGER, and therefore need not be repeated 
here. A point or two concerning chromosomes seems worth men- 
tion. In the early metaphase of the third division, when the chromo- 
somes of a slightly bent rod-shape are arranged in the equator, they 
take such a position that their long axes lie parallel to the equator 
without overlapping one another. As a consequence, the profile 
view of the figure in this stage (fig. 64) shows the end view of the 
chromosomes and the polar view their whole length. It is very easy 
to demonstrate that there are 32 chromosomes. The chromosomes 
then split longitudinally in the equator (fig. 65), and after keeping 
their position (fig. 66) for a short time, they become directed toward 
the poles (fig. 67), and then the usual anaphase and telophase follow. 
Therefore the daughter nuclei contain 32 chromosomes. 


FERTILIZATION AND THE FIRST SEGMENTATION DIVISION 


The events which take place during fertilization as well as during 
the segmentation division have been described by FARMER, WILLIAMS, 
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and STRASBURGER. Avoiding an unnecessary repetition, a few points 
concerning the centrosome and chromosomes may be noted. 

The resting nucleus of the discharged egg has shown no mani- 
festation of polarity. Cytoplasmic alveolar structures as well as 
plastids, and spherical globules of various sizes are arranged radially 
about the nucleus. The cytoplasm surrounding the nuclear mem- 
brane has a finely granular aspect. When the sperm has entered 
the protoplast of the egg and is advancing toward the egg nucleus, 
a change occurs in the latter. At a certain spot outside the nuclear 
membrane, there is first observed a dense kinoplasmic accumulation, 
in which there lies a single deeply staining body very close to the 
membrane. Faint radiations are formed from the kinoplasm sur- 
rounding this centrosome (jigs. 68a, 68b). The egg nucleus, there- 
fore, is furnished with a single centrosome before the sperm reaches 
it. The second centrosome has been found to appear in connection 
with the sperm. 

While the sperm is proceeding toward the nucleus, there appear 
numerous irregularly crowded granules, surrounding the nuclear 
membrane. The size of these granules at first is not very different 
from that of the centrosome of earlier occurrence, but they rapidly 
grow larger and are either spherical or (sometimes) elongated. Their 
growth, thus, is different from that of the centrosome, so that small 
granules of the same size as young centrosomes can be distinguished 
from genuine centrosomes. Such is the condition of the region sur- 
rounding the nucleus just before the appearance of the second centro- 
some. The sperm then reaches the egg nucleus, becomes closely 
applied to it, and seems to slip in through the nuclear membrane 
(fig. 69b). At this very instant, there is first observed a new centro- 
some with radiations, appearing at the spot where the sperm entered. 

The second centrosome might have been brought in some way 
by the sperm, as was suggested by STRASBURGER (24). Or it is 
probable that one of the granules surrounding the nucleus might 
have been brought to the spot mechanically by the streaming move- 
ment of kinoplasm caused by the progress of the sperm. At any 
rate two centrosomes do appear, one after the other, the first one 
being visible before the entrance of the sperm, and the second arising 
in connection with the entry. That the appearance of the second 
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centrosome is always associated with the sperm is evidenced by cases 
of polyspermy (figs. 76-79). 

Coalescence of the egg and sperm, the entry and progress of the 
sperm in the egg cytoplasm, and the entry of the sperm into the 
nucleus, all occur with rapidity. The chromatin of both the sperm 
and egg nuclei forms the reticulum of the fusion nucleus. The 
chromatin of both nuclei is mingled so as to become indistinguishable 
(figs. 71a, b, c). The mitoses at the segmentation of normally 
fertilized eggs (jigs. 72a, b; 73; 74; 75a, b, c) take place as described 
by STRASBURGER and by FARMER and WILLiAmMs. The number 
of the chromosomes in the prophase is 64 (fig. 75a). 

In cases of polyspermy, when two sperms enter the egg nucleus, 
two centrosomes appear in the two spots where the sperms entered; 
when three sperms have entered, there are three centrosomes. In 
case of bispermy there are developed three poles, and in case of 
trispermy (fig. 76) four poles (fig. 77) are present; for one pole has 
already appeared before the sperm enters. In the nucleus with three 
poles, there are tripolar spindles, and 96 chromosomes become dis- 
tributed upon the three spindles. ‘The chromosomes split longitudi- 
nally at the metaphase, and at telophase two sets of 32 chromosomes 
meet at each of the three poles to form three daughter nuclei. 

In a quadripolar spindle (fig. 78) 128 chromosomes are dis- 
tributed upon six spindles, and each of the four poles receives three 
sets of daughter chromosomes, numbering 21, 21, and 22 (jig. 79b), 
to form daughter nuclei. In cases of polyspermy, the formation of 
daughter nuclei occurs simultaneously. 

It is very interesting to note that in these cases of polyspermy, 
the constancy of the number of the chromosomes is maintained by 
producing multipolar spindles. Whether or not polyspermy may 
occur in natural conditions has not been determined. 


DISCUSSION OF CYTOLOGICAL PHENOMENA 


The problem of cilia-bearing structures and centrosomes and 
their possible relationship is treated best in such a form as Fucus, in 
which both blepharoplasts and centrosomes are present. As the prob- 
lem is quite important, it will be treated in detail in the next paper. 
At present only a brief account of the chromosomes will be given. 
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Origin of the bivalent chromosomes.—Although the actual seg- 
mentation of the chromosomes in Fucus occurs just after the nucleus 
has emerged from synapsis, their virtual preformation, as continuous 
chromatin threads from which the chromosomes develop, begins very 
early in prophase. As was described before, the ragged reticulum 
of chromatin in the resting nucleus gradually becomes transformed 
into a thread running in various directions, the transformation being 
very much more active at the periphery than in the center of the 
nuclear cavity. The threads in their beginning are uneven and 
branched, then they become much evener and the transformation 
continues, so that long continuous threads are formed, running mostly 
in the peripheral region of the cavity. The threads thus formed 
seem to have no ends (fig. 42), and apparently form one continuous 
thread. Moreover, any part of the thread shows its single nature 
from the early beginning of the transformation up to its completion 
as a continuous structure. Entering into the synaptic condition, the 
single thread then shortens and thickens, and becomes eccentrically 
grouped as a loose tangled mass at one side of the nuclear cavity; so 
that eventually a number of loops are formed by the repeated folding 
of the thread (figs. 18, 20, 43, 44). The loops so developed are there- 
fore still continuous with one another at the bases where they come 
in contact with the nuclear wall. The loops then become arranged 
in a loose bunch, parallel and regular, with their bases attached to 
the nuclear membrane, while the opposite folds protrude into the 
cavity. Then the loops continue to shorten and thicken and become 
more and more aggregated; each loop then folds at its bent end so 
that the bent arms are in contact with each other, when synapsis has 
reached its culmination. As they emerge from synapsis (jig. 46), 
there are present 32 bivalent chromosomes, which become detached 
from the nuclear membrane, moving toward the various regions of 
the nuclear cavity. 

The relationship of the chromatin thread in prophase, the loops 
in synapsis, and the bivalent chromosomes of postsynapsis, may be 
clearly followed. A pair of bivalent chromosomes corresponds to 
one of the loops in synapsis; the loops being formed by a folding-back 
of the chromatin thread, so that a loop in synapsis should be con 
sidered as composed of two sporophytic chromosomes arranged end 
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to end. If we apply a modern interpretation of synapsis to this case 
of Fucus, the chromatin of paternal and maternal origin becomes 
arranged in early prophase, not in parallel threads, but with the 
chromosomes end to end, so as to form a single thread, which, passing 
the so-called leptonema stage, enters into the synaptic condition, 
during which there probably takes place a close association of the 
chromatin of the two origins. In this case, the pachynema and 
strepsinema stages (if they occur at all) must be of very short duration, 
and consequently the chromatin thread of the zygonema condition in 
synapsis passes directly into the diakinesis stage. The two elements 
of the bivalent chromosomes then separate from each other, thus 
effecting what may be regarded as a reduction. Generally in Fucus 
the initiation of the longitudinal splitting which provides for the 
second division does not occur even in late anaphase of the first 
division, but probably may occur before the organization of the 
daughter nuclei, as in the generally accepted account of sporogenesis. 

Neglecting for a moment the many points which differ in particu- 
lars, the results in Fucus, namely, that the chromosomes emerging 
from synapsis show the reduced number, and that the reduction has 
taken place by an end-to-end fusion of sporophytic chromosomes, 
agree in essentials with the views published by FARMER and Moore 
(6, '7), SCHAFFNER (21, 22), MoTTIER (15, 16), and STRASBURGER 
(25), and by one group of zoologists, such as vom RATH (17), 
RUCKERT (20), and MONTGOMERY (13, 14). 

Regarding the origin of bivalent chromosomes, however, the 
author is fully convinced of the correctness of the interpretation that 
in the majority of cases now investigated, two independent threads 
originate in early prophase and become associated side by side in 
synapsis, and that when the two threads emerge from synapsis they 
form the two elements of the bivalent chromosome. Such cases were 
clearly established by GREGOIRE (10, II, 12), BERGHS (3, 4), ALLEN 
(1, 2), ROSENBERG (18, 19), and some others, including the author 
himself (30, 31). The author, in a forthcoming paper on sporo- 
genesis in Osmunda cinnamomea has reached the same conclusion 
as has the latter group of investigators. The results in Fucus, how- 
ever, are not deniable. It is not inconceivable that there are two 
distinct types of arrangement of sporophytic chromosomes at synapsis. 
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Constancy in the number of chromosomes.—After the appearance 
of STRASBURGER’S classical paper (23) on “ Periodic reduction of the 
number of chromosomes in the life-history of living organisms,”’ 
investigators of many forms added to the evidence in favor of the 
proposed theory. A plant is known to have a certain number of 
chromosomes, without much variability, in one phase of its life-history 
When the number is not too great, an accurate counting is not difficult. 
The larger the number, however, the more difficult the counting 
becomes, especially when the chromosomes are long and filamentous, 
because the stages favorable for exact counting then become more 
and more narrowly limited. , 

Unfortunately the rarity of the favorable stages has led some 
investigators to the hasty conclusion that the counting is almost 
impossible, while others, being unable to find the favorable stage, 
have tried to make a rough estimate of the number from such stages 
as they had. It is no wonder that such rough estimates, based upon 
stages unfavorable for counting, should vary. It is curious to note 
that even in Nephrodium molle, which contains 66 chromosomes in 
the gametophyte and 132 in the sporophyte, the number was clearly 
counted by the author both in apogamous and in normal forms, 
while FARMER and DicBy (5) claimed that the number of chromo- 
somes varied in the allied forms of Nephrodium molle which they 
studied. The constancy in the number of chromosomes in normal 
cases has been cited as one of the important proofs of the individuality 
of the chromosome, and the importance of this theory in any discus- 
sion of heredity cannot be neglected. 

In the present investigation of Fucus vesiculosus, the number of 
chromosomes was counted in mitoses in the vegetative cells of male 
and female plants, in the antheridium, in the oogonium, and in 
sporelings. In the vegetative cells, from the polar view of both early 
metaphase (jigs. 3, 9) and anaphase (figs. 6; 12a, b), 64 chromosomes 
were counted. Although the antheridium is very small, the polar 
view of the mitotic figures in early metaphase showed clearly the same 
number, as 32 bivalent chromosomes in the first division and 32 
univalent chromosomes in the mitoses following the second division. 
In the first mitosis in the oogonium 32 bivalent chromosomes are 
present (figs. 47, 48, 52) and, as in the antheridium, 32 univalent ones 
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appear in the second (jig. 58) and third (fig. 64) mitoses. In the 
first division of the fertilized egg there are 64 chromosomes arranged 
in the equator. Thus, the number is constantly 32 and 64 in Fucus 
vesiculosus. 

FARMER and WILLIAMS (9g) state that in Ascophyllum nodosum 
the approximate number estimated in the mitotic figure of the oogo- 
nium mother cell is about 26-30, and later on they counted in the 
third division in the oogonium 14-15 as the reduced number. Srras- 
BURGER (24) considers 30 to be the probable number in Fucus 
platycar pus, in which he studied chiefly the division in the oogonium. 
Such a difference in the number of chromosomes in different species 
of the same genus or in allied forms which grow in normal conditions 
has also been known in other cases; for instance, in Osmunda, where 
Osmunda regalis has 12 and 24 chromosomes and O. cinnamomea 
22 and 44. 

Alternation of generations.—It has been suggested by STRASBURGER 
(26) that the antheridia and oogonia in young stages (Anlagen der 
Oogonien und Antheridien) should be regarded as corresponding not 
with antheridia and oogonia of Dictyota but with its tetrasporangia, 
although the exact phenomena of reduction which occurs in the first 
two divisions in these structures was not then known in detail. The 
present result may confirm the correctness of his suggestions. 

Briefly summarizing the nuclear conditions of Fucus: The 
vegetative cells of the plant contain 64 chromosomes, and the same 
number is present up to the formation of antheridium and oogonium 
initials. In the first nuclear division in these initials 32 chromosomes 
appear, the reduced number, but they are bivalent. At the telophase 
of the second division there are 32 univalent chromosmes. Conse- 
quently, the four nuclei resulting from the second division in both 
oogonium and antheridium initials are the first nuclei which contain 
32 univalent chromosomes. Each of the four nuclei divides further 
within these structures, once in the oogonium and four times in the 
antheridium, and after the division or divisions there result 8 
egg nuclei or 64 sperm nuclei, each nucleus containing 32 chromo- 
somes. At the union of the sperm and egg nuclei, the number is 
doubled, and the sporeling with the diploid number of chromosomes 
develops into a Fucus plant. 
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It would follow that the antheridium and oogonium initials up to 
the second division may be well compared with spore mother cells 
in the higher plants, and that the four nuclei in these structures thus 
produced may be compared with microspores and megaspores, which 
in Fucus germinate at once within the oogonia and antheridia, 
and the gametophyte generations, thus initiated, undergo only one 
mitosis in the oogonium and four mitoses in the antheridium. Thus 
in Fucus the gametophyte generation with the haploid number 
extends from the tetranucleate stage both in antheridium and oogo- 
nium initials, up to the formation of the sperm and egg. With the 
union of the gametes, the sporophyte generation with the diploid 
number of chromosomes begins, and it terminates with the develop- 
ment of the four nuclei in the antheridium and oogonium initials. 


SUMMARY 


The nuclear conditions during the life-history of Fucus vesiculosus 
may be summarized as follows: 

1. The Fucus plant contains 64 chromosomes and the number is © 
reduced at the end of the first two nuclear divisions in the oogonium 
and antheridium initials. 

2. Each of the four nuclei produced at the end of the first two 
divisions contains 32 univalent chromosomes, and this number 
persists up to the formation of the sperm and egg; the phase con- 
taining 32 chromosomes may be regarded as the gametophyte gen- 
eration. 

3. The union of the gametes doubles the number, and 64 chromo- 
somes are present in every mitosis through the development of the 
Fucus plant up to the formation of the first four nuclei in the oogonium 
and antheridium initials. The phase containing 64 chromosomes 
may be regarded as the sporophyte generation. 

4. There is thus present in Fucus an alternation of the gameto- 
phyte generation containing 32 chromosomes, with the sporophyte 
generation containing 64 chromosomes. 
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EXPLANATION OF PLATES VIII-XI 


The figures were drawn with the aid of an Abbé camera lucida, under Zeiss 
apochromatic obj. 1.5™™ N. A. 1.30, with compensating ocular 12; except figs. 
I-12, 15-29, 31, 320, 344, 35, 36a, 37a, 38a, 39a, which were drawn with com- 
pensating ocular 18; figs. 13, 14, 30, 31, 32, 33) 34) 30, 37, 38, 39, 76-79, drawn 
with ocular 8; and figs. 42, 48, 50, 51, 53, 56, 57, 59, 60, 63, drawn with ocular 4. 
The plates are reduced to one-half the orginal size. 


PLATE VIII 
Mitoses in the vegetative cells of the male plant 


Fics. 1a, 1).—Two sections of the same nucleus in the cortical layer of the 
thallus; no centrosome has appeared, the nucleus is in early prophase and the 
approximate number of chromosomes can be estimated from the two sections as 
near 64. 


Fic. 2.—Late prophase: two poles; centrosomes in the center. 
Fic. 3.—Stage similar to fig. 2, viewed from pole: chromosomes 64. 
Fig. 4.—Metaphase: two sets of daughter chromosomes separated. 
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Fic. 5.—Anaphase: each of the two sets of daughter chromosomes arranged 

almost in a plane. 

Fic. 6.—Stage similar to fig. 5, viewed from pole: chromosomes 64. 


Mitoses in the vegetative cells of the female plant 

Fic. 7.—Early prophase of the nucleus in vegetative cells of the thallus: 
chromosomes (estimated) about 64. 

Fic. 8.—Early metaphase: centrosomes with a few radiations. 

Fic. 9.—Stage similar to fig. 8 
Fic. 10.—Anaphase. 
Fic. 11.—Late anaphase. 
Fics. 12a, 12b.—The same stage as fig. 11, viewed from pole: two sets of 


: chromosomes 64. 


64 chromosomes. 
Mitoses in antheridia 

Fic. 13.—Developing papilla, to become later an antheridium: nucleus 
approaching prophase. 

Fic. 14.—Later stage of papilla: nucleus,in anaphase; when this mitosis 
is completed, there will be formed a stalk cell and an antheridium. 

Fic. 15.—Nucleus of the antheridium in resting condition, showing delicate 
chromatin network: no centrosome. 

Fic. 16.—Nucleus with chromatin network beginning to be transformed into 
a more or less pronounced thread structure: nucleolus without any connection 
with the network; no centrosome. 

Fic. 17.—Nucleus with first indication of polarity: chromatin thread more 
thickly tangled at one corner of the nuclear cavity; cytoplasm begins to show 
kinoplasmic nature. 

Fic. 18.—Nucleus in synapsis: parallel chromatin loops protrude from one 
side of nuclear membrane into the nuclear cavity. 

Fic. 19.—Nucleus in synapsis: most of the chromatin loops aggregated at 
two poles; a few threads traverse the nuclear cavity, connecting the poles; this 
case is rare. 

Fic. 20.—Nucleus still in synapsis: the loops thickened and shortened. 

Fic. 21.—The same stage, viewed at right angles. 

Fic. 22.—Early prophase just after synapsis: chromosomes showing bivalent 
nature. 

Fic. 23.—Prophase: a centrosome at one pole; the two constituents of the 
bivalent chromosome come in close contact, so its double nature cannot be recog- 
nized. 

Fic. 24.—Metaphase: a number of chromosomes arranged in the equatorial 
plate; centrosomes with radiations. 

Fic. 25.—The same stage as fig. 24, viewed from the pole, showing 32 (in 
reality bivalent) chromosomes. 

Fic. 26.—Late metaphase: bivalent chromosomes in the equatorial plate 
at the point of separation, revealing characteristic feature of heterotypic mitosis. 
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Fic. 27.—Anaphase: two sets of daughter chromosomes proceeding toward 
the poles. 

Fic. 28.—Late anaphase. 

Fic. 29.—Telophase of the first (heterotypic) division in the antheridium: 
centrosomes faintly discernible. 

Fic. 30.—The antheridium after the first nuclear division: two daughter 
nuclei in the resting condition; no centrosome. 

Fic. 31.—Prophase of second mitosis in the antheridium: two daughter 
nuclei in similar stage; centrosomes present. 

Fic. 31a.—One of the two nuclei shown in fig. 37, under higher magnification: 
chromosomes 32. 

Fic. 32.—Metaphase: two figures in the same condition. 

Fic. 32a.—One of the two nuclei shown in fig. 32, under higher magnification. 

Fic. 33.—Late anaphase: mitosis proceeding simultaneously in the two 
nuclei. 

Fic. 34.—Late prophase of the third nuclear division in the antheridium: 
four figures in similar condition. 

Fic. 34a.—One of the four nuclei shown in fig. 34, under higher magnification. 

Fic. 35.—Metaphase, viewed from the pole: each of the 32 chromosomes has 
just split. 

Fic. 36.—Anaphase: the four nuclei in the same condition. 

Fic. 36a.—One set of daughter chromosomes from fig. 36, under higher 
magnification: chromosomes 32. 

Fic. 37.—Late prophase of the fourth mitosis in the antheridium: eight 
figures in the same stage. 

Fic. 37a.—One nucleus in late prophase from jig. 37, under higher magnifica- 
tion: chromosomes 32. 

Fic. 38.—Late prophase of the fifth mitosis in the antheridium: sixteen 
figures in similar condition. 

Fic. 38a.—One nucleus from fig. 38, under higher magnification: chromo- 
somes 32. 

Fic. 39.—Late prophase of the sixth nuclear division in the antheridium: 
thirty-two figures in the same stage. 

Fic. 39a.—One nucleus from fig. 39, under higher magnification: chromo- 
somes 32. 

PLATE IX 
Mitoses in oogonium 


Fic. 40.—Resting nucleus of the oogonium: chromatin showing ragged 
structure and nucleolus without apparent connection with it; no centrosome. 

Fics. 41a, 41b.—Two sections of the same nucleus in very early prophase: 
ragged chromatin transformed into a thread; a centrosome has made its appear- 
ance with a few radiations. 

Fic. 42.—Early stage of synapsis: centrosome with radiations not shown in 
this figure. 
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Fic. 42a.—Nucleus from fig. 42, under higher magnification: chromatin 
threads very much tangled; centrosome not shown here. 

Fics. 43a, 436, 43c.—Three sections of the same nucleus in synapsis: chromatin 
threads in form of loops becoming attached by their ends to a part of the nuclear 
membrane, outside of which there lies a centrosome with radiations. 

Fics. 44a, 44b.—Two sections of the same nucleus in synapsis, similar stage to 
above: there a black staining body associated with a nucleolus. 

Fic. 45.—Section through the base of crowded loops, at contact with the 
nuclear membrane, showing 60 or more isolated chromatin dots, some of them 
connecting with one another; the dots are either the ends of the loops or their 
optical sections. 

Fic. 46.—Nucleus emerging from synapsis: chromatin loops moving from the 
place of aggregation in synapsis; two arms of each of these loops are always in 
close association, forming bivalent chromosomes; centrosome in next section. 

Fics. 474, 47, 47c.—Three sections of the same nucleus in prophase: 32 
bivalent chromosomes; now two centrosomes lie at two poles, one of the centro- 
somes being newly formed, independent of the other that appeared at a previous 
stage; some of spindle fibers beginning to intrude into the nuclear cavity. 

Fics. 48a, 48b.—Two sections of the same oogonium: 32 bivalent chromo- 
somes; these figures show the case where there is still only one centrosome. 

Fics. 49a, 49b.—Two sections of the same nucleus in prophase: two poles 
less than 180° apart; intruding fibers attaching to chromosomes. 

Fic. 50.—Early metaphase: intranuclear figure established, its axis parallel 
to that of oogonium. 

Fic. 50a.—Intranuclear figure in prophase from fig. 50, under higher magni- 
fication: remnant of nucleolus still visible near the spindle. 


PLATE X 

Fic. 51.—Metaphase a little later than the stage in fig. 50, with the axis of 
the figure at right angles to that of the previous one. 

Fic. 514a.—-Nucleus from fig. 5r, under higher magnification: the nuclear 
membrane has disappeared. 

Fics. 52a, 52b, 52c.—Three sections of the same nucleus in metaphase: the 
middle section shows 32 bivalent chromosomes, although their bivalent nature 
is hardly discernible. 

Fic. 53.---Anaphase: the case where the contour of the nucleus still remains 
undisturbed even after the dissolution of its membrane. 

Fic. 54.—Nucleus in anaphase, similar stage to fig. 53, under higher magnifica- 
tion. 

Fic. 55.—Pertion of one set of daughter chromosomes in late anaphase, 
showing their rod-shape while attached to the spindle fibers. 

Fic. 56.—Prophase of the second mitosis in the oogonium: two figures similar. 

Fic. 56a.—Nucleus from jig. 56, under higher magnification: the figure is 
intranuclear; nucleolus still remains. 
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FIG. 57.—Oogonium in which two nuclei show early metaphase: two figures 
perpendicular to each other. 

Fic. 57a.—One of two figures in fig. 57, under higher magnification. 

Fics. 58a, 58b, 58c.—Three sections of the same nucleus in early metaphase: 
the middle one shows 32 univalent chromosomes in the equatorial plate. 

FIG. 59.--Oogonium with two nuclei in early anaphase. 

Fic. 59a.—Nucleus from fig. 59, under higher magnification: nucleolus still 
remains; ‘wo centrosomes still showing conspicuous radiations. 

Fic. 60.—Oogonium with two nuclei in late anaphase. 

Fic. 60a.—Nucleus from jig. 60, under higher magnification. 

Fic. 61.—Telophase: two centrosomes with their radiations still recognizable; 
central spindle about to disappear. 

Fic. 62.—Late telophase: chromosomes aggregated at poles beginning to 
vacuolize; meshes of cytoplasm arranged somewhat radially from two poles 
toward the equator. 

Fic. 63.—Section of oogonium cut transversely through its axis, after late 
telophase of second mitosis: only three of four daughter nuclei are figured; between 
every two of these three nuclei is an irregular fibrillar arrangement of cytoplasm. 

Fic. 64.—l.ate prophase of the third division, viewed from pole: chromosomes 
(32) in the equatorial plate before splitting. 

Fic. 65.—Metaphase: nuclear membrane still present; most of the chromo- 
somes arranged in the equator show their ends, the stage being just after splitting. 

Fic. 66.—Late metaphase: nuclear membrane almost dissolved; daughter 
chromosomes beginning to separate. 

Fic. 67.—Anaphase:. nuclear membrane has disappeared, the contour of 
the spindle-shaped nucleus undisturbed. 

PLATE XI 
Fertilization and segmentation of fertilized egg 

Fics. 68a, 68b.—Two sections of the same nucleus in resting condition, from 
a discharged egg before fertilization, showing delicate ragged chromatin and 
two nucleoli; a single centrosome close to the nuclear membrane, without any 
radiations (fig. 68b). 

Fics. 69a, 69b.—Two sections of the same nucleus of an egg when a sperm 
nucleus has just coalesced with it; jig. 69b shows a new centrosome which has 
appeared at the point of the nuclear membrane where the sperm entered; the 
other centrosome, of earlier appearance, shown in jig. 69a, seems split into two by 
this time; numerous granules surrounding the nuclear membrane stain deeply. 

Fics. 70a, 70b.—Two sections of the same nucleus of an egg after coalescence 
with sperm nucleus, a little later stage than jig. 69. The sperm nucleus has begun 
to disintegrate, a delicate chromatin reticulum of the egg nucleus still remaining 
in the resting condition. 

Fics. 71a, 71), 71c.—Three sections of the same fusion nucleus: the disinte- 
grating sperm nucleus has completely mingled with the contents of egg nucleus, 
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so that there is now a homogeneous chromatin reticulum throughout the whole 
cavity of the fusion nucleus. 
Fics. 72a, 72b. 





Early prophase of the first division in the fusion nucleus: 
parts of chromatin threads begin to become pronounced, suggesting prochromo- 
somes. 

Fic. 73.—Late prophase. 

Fic. 74.—Early metaphase: nuclear membrane has disappeared; chromo- 
somes not yet split. 

Fics. 75a, 75, 75c.—Same stage as jig. 74, cut perpendicular to the axis of 
the spindle: fig. 75b shows polar view of 64 chromosomes arranged in the equator. 
Cases of polyspermy 

Fic. 76.—Nucleus of fertilized egg with three sperms: a centrosome with 
radiations started in connection with each of the spots where the sperms 
entered. 

Fic. 77.—Early prophase: one of the four poles not shown. 
Fic. 78.—Prophase, showing quadripolar spindle: one of the four poles not 
shown. 

Fics. 79a, 79b.—Two sections of the nucleusinearly metaphase; six equatorial 
plates shown from various views, one of them showing a polar view with 21 
chromosomes. 








THE REDUCTION DIVISION IN THE MICROSPORO- 
CYTES OF AGAVE VIRGINICA' 


Joun H. SCHAFFNER 


(WITH PLATES XII-XIV) 

This investigation, my fourth on the reduction karyokinesis, was 
undertaken to test the correctness of my former conclusions on a subject 
apparently beset with many difficulties, judging from the numerous 
contradictory reports of various observers. Having obtained a 
year’s leave of absence from the university for travel and study, I 
prepared suitable material of A gave virginica L., which was found very 
favorable for my purpose. The stamens were collected and killed at 
various hours of the day during the last week in June and the first in 
July, 1907, a number of vigorous plants being in bloom on the cam- 
pus of the Ohio State University. The killing fluid used was a weak 
chrom-acetic acid solution (0.3 per cent. chromic and 0.7 per cent. 
acetic in water). After imbedding in paraffin, the sections were cut 
10-20 thick and stained on the slide. After experimenting with various 
stains and combinations, Heidenhain’s iron-hematoxylin was found 
satisfactory, while Delafield’s hematoxylin and the various safranin 
combinations gave very poor results. This was probably due to the 
readiness with which the cytoplasm took up and retained these stains. 
In the whole investigation great care was taken to have the sections 
correspond somewhat to the size of the nuclei, for sections too thick 
or too thin may frequently give misleading figures. The nuclei in 
the microsporocytes of Agave are comparatively small, 15-20» in 
diameter, so it was possible to obtain rather complete spirems and 
spindles with rather thin sections. 

I am greatly indebted to Professor Dr. HANs Scutnz, of the Uni- 
versity of Ziirich, where the major part of the investigation was carried 
on, for his kindly assistance and courtesy shown me during my stay 
in his laboratory. 


t Contributions from the Botanical Laboratory of Ohio State University, XLII. 
Botanical Gazette, vol. 47] [198 
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INVESTIGATION 

Incipient stages of division—The sporogenous tissue is differen- 
tiated very early in the young stamens and all vegetative divisions 
come to an end long before the earlier stages of the reduction division 
are apparent in the microsporocytes. There is therefore no danger 
in Agave of mistaking belated prophases of vegetative divisions for 
stages of reduction. The nuclei of the incipient sporocytes are quite 
small (fig. 7) and usually contain but one or two nucleoli and a rather 
coarse chromatin net, in which are prominent dark-staining granules. 
The cytoplasm is rather dense, with a spongy structure. As the 
sporocytes grow in size the nucleus enlarges considerably, and at vari- 
ous points in the enlarging net, masses of chromatin material appear 
(fig. 2). Studied in detail the net reveals single chromatin granules 
lying here and there in the linin meshes, and the clumps of chromatin 
also show definite granules (fig. 2a). These masses do not appear 
to be of a definite number, but approximate the reduction number of 
chromosomes. They continue to become more conspicuous as the 
early stages of division progress, until they have the appearance of 
true protochromosomes. ‘The meshes of the net at the same time 
become larger, and the finer branches disappear, being probably 
withdrawn into the larger threads and masses, like the pseudopodia of 
a rhizopod. The linin network appears to be the active agent, the 
granules being merely carried apart or together as the linin is moving. 
I think that tk -~- * ~> question but that these masses are the “ pro- 
chromosomes” wi and STRASBURGER. As stated, they are 
approximately of .. sau.e number as the reduction number of 
chromosomes. The evidence is strong that they represent pairs of 
individual chromosomes which are orienting themselves preparatory 
to the formation of the spirem. Since the massing and lengthening of 
these structures may not be synchronous, the apparent number need 
not necessarily agree with the reduction number. At this stage the 
definite pairing of the individual chromosomes must occur, and it may 
be that this is the only definite pairing during the whole ontogeny. 
The number of protochromosomes may also appear greater than the 
reduction number, for the accumulation may at first be taking place 
at two or more points of the paired chromosomes. It appears that 
the chromosomes, extended and spread out like a rhizopod or an 
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amoeba in the chromatin net, mass themselves together as definite 
individuals, probably in pairs; for thus alone are the later stages of 
reduction intelligible. 

During these early stages the tapetum is in the very beginning of its 
development. It is therefore of value in helping to determine the 
exact sequence in the development of the sporocytes. And it is of 
course evident that if the successive stages cannot be determined 
with absolute certainty, the whole investigation is vitiated. 

After the development of the chromatin masses, they seem to 
elongate, as is shown to some extent in fig. 3, and more perfectly in 
fig. 4. Finally they are stretched out into a very long and delicate 
continuous spirem, with rather uniformly distributed chromatin 
granules (jig. 5). The masses are probably all connected in series and 
thus elongate into a continuous delicate strand. 

If the individuality of the chromosome is admitted, we may conceive 
the influence which causes paternal and maternal chromosomes to 
conjugate in pairs in reduction to be of much the same character as 
that which induces cells to develop as male and female gametes with 
subsequent union. This property may develop in the chromosomes 
only at the reduction stage, and if this were the case, the paternal 
and maternal units might be indifferent in regard to each other dur- 
ing all the vegetative divisions. The evidence on this point must 
come from normal crosses rather than from hybrids, where the two 
chromatins may have such a lack of affinity as not to conjugate at all. 
The independence of the maternal and paternal chromatin observed in 
the first few divisions of the fertilized egg is of a negative character. 
But if the individual chromatin masses are distinct in normal vegetative 
divisions, the pairing may nevertheless certainly take place at the 
formation of the protochromosomes. It may be well to insist here that 
the great extension, branching, and change of shape of the chromosome 
in the resting nucleus does not necessarily impair its individuality. 
We may reasonably consider the chromosomes to be individualized 
bodies, passing through a normal ontogeny and acting somewhat like 
the zoospores of a coenobic plant like Hydrodictyon or Pediastrum, 
which develop various properties at definite times to take them 
through their life cycle. They have a definite form, which recurs 
from generation to generation, but this is lost during the resting 
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stage, even as the cells of a myxomycete lose their individuality in 
the plasmodium. 

First stages of synizesis.—As soon as the extended and delicate 
spirem is formed, the nuclei mostly appear in synizesis. There are 
all types of contraction. The chromatin may stretch across the center 
of the nuclear cavity (figs. 6, 8); it may be contracted at one side with 
the nucleolus (fig. 7); or it may be balled up at one side of the cavity 
with the nucleolus lying free (fig. 10). In some cases the mass is in 
the center, and often the nuclear membrane is injured by the irregular 
expansion of the nuclear cavity (fig. 9). The period of development 
during which synizesis occurs is comparatively long, the anther 
lengthening greatly in the meantime. The anthers of Agave thus 
make a most favorable object on which to determine definitely the 
stage when contraction must be looked for in the living material. A 
thorough study was therefore made of unstained as well as of stained 
sections, in order that I might become familiar with the appearance 
of the cells in unfixed anthers. 

Study of living cells.—Having ascertained the stage when synizesis 
occurs in killed material, a study was made of living anthers during 
the last two weeks in June, 1908, at Columbus. The anthers were 
examined immediately after removal from the plant. In some cases 
cross-sections were cut, in others the stamens were cut into short 
pieces and the sporocyte tissue squeezed out and mounted in water. 
Both methods were satisfactory. In none of the numerous anthers 
studied during the two weeks was there the slightest evidence of 
synizesis. In the great majority of cases the nucleolus is in the center 
of the nuclear cavity; occasionally it is somewhat to one side; and 
very rarely near the nuclear wall, as is almost universal in the synizesis 
of the killed material. The nuclei look large, clear, and vesicular, 
with granules and flaky material (no doubt the chromatin) scattered 
throughout the cavity. The synizetic knot would certainly be visible 
were one present. In the killed material the synizetic mass shows 
nearly as distinctly in unstained as in stained material. The same 
undisturbed condition was found in all the cells in every possible 
stage in the period before chromosome formation. ‘The fact that the 
nucleoli have a nearly uniform position near the center of the nuclear 
cavity, while in synizesis they are usually near or against the nuclear 
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wall or flattened out in the “sickle stage,” is in itself sufficient proof 
that synizesis is an artifact. But as stated, the chromatin can also 
be faintly recognized in the living nuclei, and it should be still more 
evident if in a contracted ball, since the cavity in typical synizesis is 
entirely empty of threads, flakes, or granules. The granular material 
in the nucleus often radiates outward from the nucleolus, and some- 
times it is prominently distributed over the surface of the nuclear 
membrane. 

With salt solution and also with g5 per cent. alcohol, the cells 
contracted considerably and soon became indistinct, so that it was 
difficult to make out any details. The nuclei were displaced to some 
extent. The weaker chrom-acetic acid solution, used for the paraffin 
material, caused the whole mass of sporocytes to contract violently, 
but not much displacement of the nuclear contents was noticeable. 
This was probably because the cells were lying rather free and could 
contract readily from all sides, or the fluid may not have acted long 
enough. However, it is probable that the synizesis occurs rather 
suddenly. 

An attempt was made to stain the fresh material, both before and 
after treatment with killing fluids; but this proved unsatisfactory, 
the stained material showing no more detail then the living cells. 

A study of the living microsporocytes of Agave virginica indicates 
that synizesis, as seen in the usual paraffin sections, is an artifact. 
When the chromatin is comparatively free in the nuclear cavity and 
is expanding, we find the most decided synizesis. Meanwhile, as will 
appear further on, synizesis is not confined to this stage, but occurs 
to a greater or less extent until the chromosomes are fully developed. 
It is largely on account of the erroneous idea that synizesis occurs at 
but one stage of division that a number of inaccurate interpretations 
have been advanced, through which the whole subject of reduction 
has been confused. 

Development of the chromatin loops.—The spirem begins to thicken 
while the chromatin granules are still in a single row (figs. 11, 11a). 
At this stage synizesis is still frequent, the spirem usually being 
crowded to one side, but occasionally lying entirely around the nuclear 
wall (figs. 12, 13). The spirem now becomes very distinct, so that it 
is often possible to trace out great lengths of the thread by focusing 
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properly. It begins to twist into loops and the chromatin granules 
now appear double (figs. 14, 14a). Although the spirem is much 
thicker at this stage than it was earlier, synizesis is occasionally present, 
the spirem filling one-half of the nuclear cavity, as shown in fig. 15. 
The double granules are at length prominent, although the spirem 
does not split (figs. 16, 16a). Finally the whole spirem is thrown into 
definite loops of various shapes and sizes. It is difficult to represent 
the perspective of these loops in a drawing. One can trace out the 
position and depth by focusing up and down, but in the camera 
projection they appear nearly in a plane (jigs. 17-20). There is no 
question but that the spirem is continuous, since one can often follow 
the thread through more than half of the loops without losing the 
connection, and in uncut sections no free ends are present. In tan- 
gential sections or half-sections one can frequently also follow through 
three or four loops before coming to a free end (fig. 19). Practically 
also, it seems impossible that such twists and loops could be formed 
unless the spirem were continuous. In fig. 18a a number of twisted 
loops are shown. Some of the loops are produced by a single twist, 
which results in ring-shaped chromosomes (fig. 20). There are three 
of these ring-chromosomes in the nucleus and they are developed 
side by side. The three main types of loops are shown in jigs. 20a, 
20b, and 20c. The loops are not formed, as in Lilium, with a central 
knot, but more openly. In this stage synizesis was also present in 
some of the material (fig. 27). 

After the loops are developed, they are pressed and curved against 
the nuclear wall, the whole central part of the cavity becoming very 
hyaline. At the same time they break apart to form the individual 
reduction or bivalent chromosomes (figs. 22, 23). It was exceedingly 
difficult to determine the number of chromosomes on account of the 
irregular shapes of those bodies in some nuclei, as appears in figs. 
24, 25; but it was finally determined that the number is twelve 
(figs. 26-32, 37, 38). In fig. 26 only fragments of the twelve chromo- 
somes are shown, a large part of the nucleus being cut away. 

In cases where the number of chromosomes is said to vary some- 
what, the greater or less number may not be of any significance, if the 
variation appears in vegetative division. Two or more chromosomes 
might become united through a failure of transverse segmentation, 
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but longitudinal division could proceed in the normal way and the 
identity of the chromosomes not be lost. But in reduction the number 
should be definite, if the karyokinesis is to furnish normal cells. 

The nucleolus is still present when the chromosomes are fully 
developed, but often shows signs of fragmentation, as in the examples 
shown in fig. 31a. After the chromosomes are developed, the cyto- 
plasm also shows a change in structure, having passed from a spongy or 
reticulate arrangement to a more or less radiate structure (jigs. 31, 32). 

Individuality of the chromosomes.—The chromosomes continue to 
become more indefinite in shape until they appear as irregular, dark- 
staining, apparently structureless masses, very unequal in size. The 
real character of the chromosomes can be studied to advantage only 
during the formative period, although the larger ones can be recog- 
nized even in the mother star. In the incipient chromosome loops 
individuality is very marked. As stated, there are three small ring 
chromosomes (jigs. 20, 20a, 29, 63); four large long chromosomes, 
two of which are very prominently coiled and always side by side 
(figs. 20b, 22, 27, 29, 30, 32, 63, 64); and five smaller chromosomes 
of various shapes and sizes. Since these are bivalent chromosomes, 
it is evident that, on the theory of the conjugation of maternal and 
paternal chromosomes, the conjugating pairs must be quite similar 
in shape and activity. In the microsporocytes the bivalent chromo- 
somes have an individual shape and size easily distinguishable, and 
the inference from this is evident, as also in the massing of the chro- 
matin in the early prophase, that these bodies are individualized and 
retain their individuality from one division to another. Were the 
chromosomes not individualized, they could not preserve such definite 
forms and numbers from generation to generation. During its 
ontogeny, the chromosome passes through a series of forms, only to 
return, as any other organism, to a definite type at a definite stage. 
From the present study and the investigations of others, it is evident 
that the mechanics of chromosome reduction is simple, the usual 
spirem orienting itself into folds, twists, or simple loops, giving rise 
to all the various shapes, as rings, rods, coils, tetrads, and crosses. 
The actual form observed in any individual case may be a mere pro- 
jection, and great care should be taken to ascertain the actual shape 
by observation from various points of view. 
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The spindle and late stages of synizesis.—The incept of the spindle 
is laid down immediately over the surface of the nuclear membrane 
while that structure is disappearing. At the same time, connecting 
lines, which appear prominently in heavy-stained sections, are present, 
forming a sort of network between the chromosomes (jigs. 37, 38). 
The incipient spindle appears as a dense wall of material that was at 
first mistaken for the modified nuclear membrane, which, however, 
lies on the inside. This double layer about the nucleus, together 
with the connecting strands between the chromosomes, makes an ideal 
arrangement for abnormal contractions, and at this stage there is 
present a final prominent synizesis of the chromosomes, together with 
the dissolving nuclear membrane inclosing them. ‘The chromosomes 
at this stage have not yet fused with the surrounding spindle. A few 
examples of this appearance are shown in figs. 32—38, all about in the 
same stage of division. ‘Those which show the connecting fibers less 
distinctly are from the lighter-stained preparations. In fact, without 
a heavy stain, the connecting threads are barely visible. The con- 
tracted nuclei are seen in slides side by side with cells having a normal 
appearance. ‘There is no doubt in the writer’s mind that the phenom- 
enon is an artifact. 

The spindle-—The incipient spindle soon begins to show a fibrous 
character, the fibers at first being few and indistinct, and running 
more or less parallel toward opposite poles of the nucleus (fig. 39). 
In many cases two more or less pointed caps extend from opposite 
sides of the nucleus and become prominent before the longitudinal 
fibers are visible (jigs. go-42). The points sometimes show delicate 
asters, as in figs. 41,42. The spindle fibers develop rapidly, and soon 
an oval slightly pointed structure is produced, in which the chromo- 
somes and one or more nucleoli lie scattered about (fg. 43). The 
connecting fibers are also prominent, giving the spindle an irregular 
appearance. The spindle is bipolar from the beginning, originating 
and developing in the same way as in the vegetative divisions. 
FULLMER in 1899 showed that in Hemerocallis the spindle originates 
as a bipolar structure surrounded by a dark zone. This zone was 
nearly absent in Agave, but the difference may be due to staining. 
FULLMER showed, however, that the incipient spindle is entirely 
inside of the dark zone. 
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The spindle becomes narrower and more pointed and the connect- 
ing fibers, apparently contracting while the spindle is lengthening, 
gradually draw the chromosomes into a perfect circle in the equatorial 
plane (figs. 44-60). In fig. 48 the spindle is distorted. This was 
probably produced by the unequal contraction of the cytoplasm. 
Figs. 39, 43, 47, 57, 60, 61 make a series, showing how the chromo- 
somes are drawn from their scattered positions into the symmetrical 
figure of the mother star. A large number of figures of this stage 
have been included in order to show all the ordinary types of develop- 
ing spindles to be seen in Agave. In some, the connecting fibers are 
prominent; in others, especially as the chromosomes approach the 
equator, one sees only a dark-staining central mass. It is important 
to note that the spindle fibers appear thickest and densest in their 
central parts, even in very young spindles. Apparently the chromo- 
somes are attached to the spindle fibers from the beginning. The 
crowding of the chromosomes against the nuclear wall, as shown in 
in figs. 23, 39, brings the chromosomes into a position where their 
fusion with the spindle fibers can be accomplished. 

The mechanism for bringing the chromosomes from their scattered 
position into the symmetrical wreath of the mother star is compara- 
tively simple, requiring only the shortening of the connecting fibers, 
combined with a pull from the spindle threads exerted from the 
poles. The action of the spindle as well as the attachments must be 
looked upon as being accomplished by a viscid substance, perhaps 
under the influence of attractive and repulsive forces. If the sub- 
stance is contractile in the ordinary sense of the word, it must 
acquire this property after development. 

Multipolar figures—Multipolar figures were not numerous. This 
may have been because of the comparatively small size of the nuclei 
and the thickness of the sections. A special study was made of the 
multipolar figures found, and the conclusion was reached that they 
were all artifacts. The various types are shown in the series figs. 
64-73. Fig. 64 is a diagonal section, included to show the character 
and position of the chromosomes in the mother star. Both poles are 
cut away, one end more than the other. Figs. 65, 66 are tangential 
sections representing small parts of the nucleus and spindle. The 
fibers are both spindle and connecting fibers and make an appear- 
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ance very much like the figures usually given to represent multipolar 
spindles. The writer believes that these connecting fibers have 
caused much trouble in the interpretation of spindle sections. Fig. 
67 might be taken for a tripolar spindle. The few projecting fibers 
were probably disturbed in the cutting. Fig. 68 is a spindle broken 
and distorted by the knife. Fig. 69 is another torn spindle, the fibers 
at one end being spread out by the knife. /7g. 70 has the fibers of one 
pole cut diagonally. In fig. 71 one pole is perfect, with a well- 
developed aster, while the other pole is cut away. In figs. 72, 73 
both poles have been cut off. Such figures are common, as is neces- 
sarily the case with cells in which the spindles lie in all directions. 

The division of the bivalent chromosomes.—The chromosomes are 
arranged symmetrically in the mother star (fig. 61), with the closed 
end of the loop extending outward, at least in the long chromosomes 
(fig. 61, a, b, c,d, e). The spindle fibers are attached very near or at 
the free ends. In the following division the general appearance is 
entirely different. The larger chromosomes are V-shaped and are 
attached to the spindle fibers at the head of the V, the two free ends 
projecting outward (fig. 62). The individual character of the 
chromosomes may occasionally be seen from the polar view, even 
as late as the mother-star stage (fig. 63). The chromosomes are 
pulled apart very rapidly and are considerably scattered before they 
reach their new positions in the daughter stars (figs. 74-77). In some 
cells one can see large nucleoli in the cytoplasm along with micro- 
nucleoli (figs. 57-59, 70, 75). 

The daughter chromosomes are arranged in a loose ring or plate, 
and then begin to contract, until they form a compact dark-staining 
mass (jigs. 78-82). In the earlier stages of the daughter star, con 
ditions are again favorable for counting the chromosomes (jig. 79), 
and their smaller size is quite evident when compared with the bivalent 
chromosomes of the mother star. Delicate radiations are usually 
visible in all of these stages (figs. 75-77, 81, 82). 

After the contraction stage of the incipient daughter nuclei, the 
chromatin begins to expand, the chromosomes putting out pseudo- 
podia-like branches which become more extended until a coarse net 
is formed (jigs. 83-85); but even in the oldest daughter nuclei dis- 
tinguishable before the beginning of the following division, a con- 
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siderable part of each chromosome persists as an irregular compact 
mass (fig. 85). There is thus in these figures an indication that the 
individuality of the chromosome is preserved even in the chromatin 
network. 


GENERAL CONSIDERATIONS ON REDUCTION 


The important facts brought out in the present investigation con- 
firm a number of conclusions put forward by the writer and others 
during the past ten years, most of which have been the subject of 
continual controversy. In a science like cytology so much depends 
on the manipulation of the material and the interpretation of the 
figures, that one need not be surprised at the diversity of views held 
in respect to all the more important cytological problems. In the 
present paper, by leaving out certain figures in the series, one can 
produce several of the “reduction processes” heretofore published. 

The writer appears to have been the first to present a definite series 
of observations to show that the first division after pseudo-reduction 
is the real reduction division. A few previous reports had been pub- 
lished, which were, however, largely guesses or assertions, without 
definite evidence and sometimes even without drawings. 

In 1897, the writer presented his views on the reduction division 
in the ovules of Lilium philadelphicum, advancing the definite con 
clusions that the spirem is continuous and contains a single row of 
chromatin granules which later undergo transverse fission; that the 
continuous spirem doubles up and twists into twelve loops, the 
reduction number, which then break apart at the inner ends opposite the 
heads of the loops to form the twelve chromosomes; that during 
metakinesis the two limbs of the chromosomes are pulled apart, finally 
breaking at the middle; and that, therefore, there is a transverse division 
in the first reduction karyokinesis, or a true qualitative division of the 
chromatin. In that paper figs. 1, 2, 2a, 4, 4a, 8, 8b, 11, 11b, 12, 15, 
21d, 22, 23, 23b, 34, 35 formed a series for which only one interpreta- 
tion was possible. Only by leaving out fig. 4 could another interpre- 
tation be given, in which case the double spirem appearing later might 
be considered as conjugating instead of dividing. 

In 1901 practically the same results were obtained for Erythronium, 
and in 1906 for the microsporocytes of Lilium tigrinum. 
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PAULMIER in 1899 showed that in the spermatogenesis of Anasa 
tristis the first division is the reduction division, and more recently 
MONTGOMERY, in a series of important investigations, has come to the 
same conclusion. Griccs found a reducing division in Ascaris, and 
observed that the chromosomes are not entirely separated until they 
are drawn into the equatorial plane. 

MortieR after a long-continued study of Podophyllum, Lilium 
Martagon, and other plants, has come to conclusions for the most part 
similar to the writer’s, although for many years he held opposite 
views. 

GATES, in a recent article, finds that in the reduction nucleus of 
the microsporocytes of Oenothera rubrinervis the spirem segments 
transversely into the 2x or sporophyte number, and that the members 
of a pair are thus at first arranged end to end on a single thread. 
Later the univalent chromosomes are separated, usually in pairs. 

It is needless to review the extensive recent literature of reduction, 
for in many cases the results appear radically different from those 
presented in this report, and in examining the drawings and conclu- 
sions based on them there seems little possibility of harmonizing or 
explaining the differences. 

Finally, it may be said that if any individuality whatever is ascribed 
to the chromosomes, it becomes evident that they should be arranged 
end to end to form the spirem, since this is the method in somatic 
divisions. It is not probable that the cell would develop a funda- 
mentally new method of division in reduction, but rather that such 
slight changes would be developed in the process as would suffice to 
bring about the separation of the two sets of chromosomes. The 
process described in this paper appears to the writer to be the only 
possible explanation of the figures. As has been stated, however, by 
making suitable selections, one could represent almost any of the 

various reduction karyokineses that have been described. 


SUMMARY 


1. The resting nucleus in the microsporocytes of Agave virginica 
contains a linin network in which small chromatin granules are held, 
either separate or in lumps. 

2. At the beginning of division, the chromatin granules are massed 
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together through the massing of the linin into a number of lumps cor- 
responding approximately to the reduced number of chromosomes. 
These masses probably represent bivalent protochromosomes. 

3. The masses are all united and elongate greatly until a very 
delicate, continuous spirem is produced, holding a single row of 
chromatin granules. 

4. After the delicate spirem stage the nuclei in killed material are 
usually in synizesis. There is no union of two spirems in synizesis. 

5. In living material no synizesis is evident, and the nucleoli are 
not crowded against the nuclear wall, but usually have a central posi- 
tion in the nuclear cavity. Synizesis at this as well as at later stages 
is an artifact. 

6. The spirem shortens and thickens while the chromatin granules 
undergo transverse division. It finally orients itself into twelve loops 
of different shapes and sizes. 

7. The loops are pressed close to the nuclear membrane, forming a 
rather definite wreathlike circle, and do not radiate from a closely 
entangled central mass as in Lilium. 

8. The twelve loops break apart, forming the twelve chromosomes 
—four very large, long, twisted chromosomes; three ring-shaped 
chromosomes; and five smaller, irregular, more or less bean-shaped 
chromosomes. 

g. The chromosomes are united by connecting fibers, which appar- 
ently contract and draw the scattered chromosomes into the equatorial 
plane while the spindle is elongating. 

10. One or two nucleoli are usually present, which are still normal 
in appearance after the spindle is far advanced in development. The 
nucleoli are sometimes thrown out bodily into the cytoplasm. 

11. The spindle originates as a more or less fibrous layer over the 
surface of the nuclear membrane before that body dissolves, and at 
this stage decided synizesis of the chromatin is often present. 

12. The spindle is bipolar from the first, with no accessory smaller 
poles, the poles appearing at first as two, more or less pointed, dome- 
shaped caps, much the same as in vegetative karyokinesis. 

13. The spindle fibers are usually most prominent and thickest in 
the middle, even in the early stages. There are commonly definite 
asters at the poles. 
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14. The multipolar spindles observed are explained as artifacts, 
mostly produced by cutting. 

15. The chromosomes divide transversely during metakinesis. 

16. In the daughter nuclei, irregular masses of chromatin persist 
into the resting condition. These masses represent parts of the 
twelve daughter chromosomes. 

17. In the second division the chromosomes divide longitudinally. 
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EXPLANATION OF PLATES XII-XIV 


The plates are reduced five-eighths in reproduction. Figs. 2a, 11a, 14a, 16a, 
17a, 18a, 20a, 20b, 20c were drawn with a compensating ocular 18 and oil immer- 
sion objective ;4;; all the rest with a compensating ocular 12 and oil immersion 
objective -/y, the latter combination having a magnification on the table of 2250. 
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PLATE XII 

Fic. 1.—Microsporocyte showing resting chromatin network. 

Fic. 2.—Microsporocyte at a later stage showing masses of chromatin 
granules in the net. 

Fic. 2a.—A small portion of the chromatin net showing the linin and massing 
of the granules. 

Fic. 3.—A nucleus with prominent massing of the chromatin into rather 
definite bodies, protochromosomes. 

Fic. 4.—Later stage; the chromatin masses stretching out into a definite 
spirem. 

Fic. 5.—The delicate slender spirem complete. 

Fic. 6.—Somewhat older than fig. 5; synizesis of the spirem in the middle 
of the nuclear cavity. 

Fics. 7-10.—Other types of synizesis of the same stage as fig. 6; in fig. 9 
the nuclear cavity is expanded 

Fic. 11.—Nucleus with spirem becoming thicker 

Fic. 11a.—Single chromatin threads from fig. 11, showing the light-staining 
linin with a single row of chromatin granules 

Fics. 12, 13.—Types of synizesis in a later stage than those of jigs. 6-ro. 

Fic. 14.—Continuous spirem beginning to fall into loops, showing chromatin 
granules enlarged and partly double. 

Fic. 14a.—A short piece of the spirem from jig. 14, showing the double nature 
of the chromatin granules. 

Fic. 15.—Same stage as jig. 14, showing one-sided synizesis of the continuous 
spirem. 

Fic. 16.—Beginning of the looped spirem, showing further thickening and 
doubling of the chromatin granules. 

Fic. 16a.—Pieces of the spirem from fig. 16, showing double rows of chromatin 
granules and distinct linin. 

Fic. 17.—Continuous spirem, much thickened and thrown into twisted 
loops. 

Fic. 17a.—Pieces of the spirem showing the method of looping and twisting. 

Fic. 18.—Microsporocyte somewhat later than fig. 17, showing further thicken- 
ing of the thread and development of the chromatin loops. 

Fic. 18a.—A number of chromatin loops before the breaking of the spirem. 

Fic. 19.—Section of microsporocyte in which several loops can be followed 
out; the section represents nearly half of the spirem. 

Fic. 20.—Beginning of the broken skein stage; the chromosomes beginning to 
break apart; three ring-chromosomes still connected. 

Fics. 20a, 20b, 20c.—Three complete chromosomes just after the breaking 
of the spirem. 


Fic. 21.—Synizesis in microsporocyte at time of separation of chromosomes. 
Fic. 22.—Nucleus with chromosomes completely separated; nuclear mem- 
brane still present. 
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Fic. 23.—Somewhat later stage; chromosomes all crowded against the 
nuclear wall with a clear cavity in the center. 
Fics. 24, 25.—Nuclei showing indefinite chromosomes. 
Fic. 26.—Section of nucleus showing parts of twelve chromosomes. 
Fics. 27, 28.—Nuclei showing twelve chromosomes of diverse shapes and 
sizes. 
Fic. 29.—Section of nucleus showing the three ring-chromosomes. 


PLATE XIII 

Fics. 30, 31.—Nuclei with twelve chromosomes, showing the beginning of the 
appearance of delicate connecting fibers. 

Fic. 31a.—Fragmenting nucleoli taken from same stages as jig. 31. 

Fics. 32-36.—Microsporocytes showing synizesis after the formation of the 
chromosomes; also connecting fibers between the chromosomes. 

Fic. 37.—Nucleus contracted away from the incipient spindle; prominent 
connecting fibers between the chromosomes. 

Fic. 38.—The same, but with less synizesis of the nucleus. 

Fic. 39.—Nucleus showing distinctly the incipient spindle. 

Fic. 40.—Incept of spindle showing as two caps on opposite sides of the 
nucleus. 

Fic. 41.—Nucleus showing incipient spindle. 

Fic. 42.—Nucleus with incept of spindle and aster at one pole. 

Fic. 43.—Nucleus showing young spindle and connecting fibers between the 
chromosomes. 

Fics. 44-46.—Further successive stages in the development of the spindle. 

Fic. 47.—Chromosomes, connected by fibers, being drawn into the equatorial 
plane; spindle with aster showing at one pole. 

Fic. 48.—Distorted spindle. 

Fic. 49.—Spindle showing the two poles. 

Fics. 50-59.—Successive stages in the development of the spindle and the 
shifting of the chromosomes into the equatorial plane. Figs. 57-59 on plate XIV. 


PLATE XIV 

Fic. 60.—Spindle, showing asters and centrosomes; the chromosomes nearly 
in the equatorial plane. 

Fic. 61.—Mother star with aster at the poles. 

Fics. 61a, 61b, 61c, 61d, 61e.—Chromosomes on the spindle fibers, showing 
that the closed loop extends outward. 

Fic. 62.—A chromosome from the mother star of the second division with the 
free ends of the V projecting outward. 

Fic. 63.—Polar view of chromosomes, showing the three ring-chromosomes; 
four long chromosomes, two of which lie side by side and are very large; and 
five smaller chromosomes of various shapes and sizes. 

Fic. 64.—Diagonal section of mother star, showing the twelve chromosomes, 
three of which occupy a central position; also the four long chromosomes. 
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Fic. 65.—A tangential section of a young spindle, showing spindle and con- 
necting fibers. 

Fic. 66.—Tangential section of a spindle, making a multipolar figure. 

Fic. 67.—Section showing tripolar figure. 

Fic. 68.—Section showing spindle torn by the knife. 

Fic. 69.—Torn section, showing spindle fibers cut and spread apart by the 
knife. 

Fic. 70.—Spindle with poles cut away showing two large nucleoli in the cyto- 
plasm outside of the spindle. 

Fic. 71.—Spindle, showing pole and aster at one end, the other pole being 
cut away. 

Fic. 72.—Spindle with both poles cut off. 

Fic. 73.—Another spindle with both poles cut. 

Fic. 74.—Spindle showing first stage of metakinesis, the two large chromo- 
somes being to one side. 

Fic. 75.—Metakinesis stage. 

Fic. 76.—First stage of daughter star, showing the separated chromosomes. 

Fic. 77.—Daughter star stage. 

Fic. 78.—Late daughter stars. 

Fic. 79.—Daughter star, showing the twelve small chromosomes. 

Fic. 80.—Loose daughter skein stage, showing the beginning of contraction 
of the chromosomes. 

Fic. 81.—Daughter skein, showing the close massing of the chromatin. 


Fic. 82.—Daughter skein, showing close massing of the chromosomes below 
the pole. 


Fic. 83.—Beginning of formation of daughter net, showing the irregular 
daughter chromosomes. 

Fic. 84.—Further development of the daughter net. 

Fic. 85.—Resting stage of daughter nucleus, the chromosomes being still 
evident as irregular masses, 
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SPERMATOGENESIS IN DIOON EDULE? 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 125 
CHARLES J. CHAMBERLAIN 
(WITH PLATES XV-XVIII AND THREE FIGURES) 


In March, 1904, and again in September, 1906, the writer visited 
Mexico for the purpose of studying the Mexican cycads and collecting 
material for morphological work. The field study was greatly facili- 
tated by the active cooperation of Governor TEopoRO A. DEHESA, 
whose active interest in education has done so much to raise the 
educational standard of the State of Vera Cruz. I am also deeply 
indebted to Mr. ALEXANDER M. GaAw, of the State Bureau of Infor- 
mation, Xalapa, Mexico. Mr. GAw not only supervised the col- 
lection of material and forwarded it to me, but on several occasions 
visited localities where Dioon edule grows and sent me valuable field 
notes with the collections. The material was collected at Chavar- 
rillo, Mexico, the locality which furnished material for my account 
of the ovule and female gametophyte of Dioon edule. 


THE STAMINATE CONE 


In March the ovulate cones which were pollinated the previous 
September have reached their mature size, but the staminate cones 
from which they were pollinated have disintegrated. Both the ovulate 
and the staminate cones which are to appear a few months later are 
still hidden in buds which cannot be distinguished from leaf buds. 

Until they reach a length of about 10°™ the staminate cones are 
completely hidden by large bud scales which are fleshy and very 
hairy, so that the whole structure looks like a moderate-sized ovulate 
cone. The surface of the cone at this time is densely covered with 
whitish hairs, which become darker when the cone emerges from the 
protecting scales. 

In September the staminate cones reach their mature size and 
shed their pollen. Just before the pollen is shed, the cone is firm and 


t Investigation prosecuted with the aid of a grant from the Botanical Society of 
America. 
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erect (jig. 1) and measures 10 to 20°™ in length and 7 to 11°™ in 
diameter. At the time of shedding the pollen, the axis of the 


Fic. 1.—Upper portion of plant of Dioon 
edule with staminate cone. Photographed 
at Chavarrillo, Mexico, September, 1906. 
One-third natural size. 





cone elongates considerably 
and becomes so weak that 
it bends over until its tip 
rests upon the leaves of the 
crown. Insects are very 
numerous in nearly all the 
mature staminate cones, but 
none were found on the ovu- 
late cones, and although the 
insects were throughly dusted 
with pollen, there was nothing 
further to indicate that any 
pollination was being effected 
through their agency. 


MICROSPORANGIA 


The staminate sporophylls 
are long and wedge-shaped 
and end in a single sharp 
point which curves upward 
(fig. 2). The outer, exposed, 
abaxial faces of the sporo- 
phylls are densely hairy, but 
the upper faces are quite 
smooth. In the sporophylls 
of the upper and lower por- 
tions of the cone, a sterile 
line divides the sporangia into 
two groups (fig. 2), while in 
the median portions the spo- 
rangia cover the entire under- 
surface. The sporophylls are 
so crowded in the cone that the 


sporangia on the under side of a sporophyll make a distinct im- 
pression upon the upper side of the sporophyll immediately below it. 
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The number of sporangia on the larger sporophylls varies from 
about 100 to 300; but the smaller sporophylls bear fewer, and the 
sporophylls at the apex and base of the cone may bear only a few 
sporangia, or even none at all. 

The sporangia are grouped in definite sori, usually of four 
or five sporangia, as shown in jig. 2. At the stage shown in this figure 
the line of dehiscence is quite 
obvious. As the sporangia dehisce, 
the grouping into sori becomes 
less obvious. The pollen does not 
escape immediately, but for a short 
time is held together in a spherical 
mass by the scanty remains of the 
hypodermal wall layers. A hand 
lens shows that each sorus is sur- 
rounded by hairs which grow out 
from the peripheral portion of the 
base of the sorus. Many hairs also 
grow out from the peripheral por- 
tions of the sporangia, but there 
are none in the interior of the sorus, 
either upon the sporangia or upon 
the sporophyll (fig. 4). 

The sporangia are either sessile 
or have short massive stalks. The 
stalks and even the lower portions of the sporangia of a sorus may be 
somewhat united, but there is not so much crowding or so much 
union as shown by Miss SmirH (8) for Zamia and Ceratozamia. The 
dehiscence, in surface view and in section, is about as figured by 
Miss SmitH (8) for Zamia and Encephalartos. 

The general appearance of a sporophyll in transverse section, with 
its mucilage ducts, vascular bundles, and sori, is shown in fig. 3. A 
more detailed view of two of the sporangia of a sorus is seen in fig. 4, 
which shows the usual amount of union at the base of the sorus. The 
hairs, especially those which come from the sporangia, are often so 
numerous and crowded that in transverse section they look more like 
a parenchyma tissue of angular cells than like sections of tubular hairs. 





Fic. 2.—Photographs of two micro- 
sporophylls of Dioon edule. X }. 
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The hairs do not branch and seldom consist of more than two cells, 
which are sometimes empty and sometimes filled with a deeply 
staining substance like that in the epidermal cells of the sporangium. 

The wall of the sporangium is composed of three distinct regions, 
the epidermis, the tapetum, and the intervening wall layers. The 
epidermis, which is thicker in the upper half of the sporangium than 
in the lower, consists of thick-walled cells with rather scanty proto- 
plasm, but with an abundance of suberin and tannin. The tapetum, 
in comparison with the size of the sporangium, is very insignificant, 
consisting of a single layer of small cells, with occasional patches two 
cells in thickness (fig. 5). The portion of the sporangium wall facing 
the center of the sorus is noticeably thinner than the wall of the 
opposite portions, there being four or five layers of cells between the 
tapetum and epidermis in the former case, while in the latter there 
may be as many as eight layers (fig. 4). The structure of the sporan- 
gium from the epidermis down to the sporogenous tissue is shown in 
more detail in jig. 5. 

MICROSPORE MOTHER CELLS 

The microspore mother cells of Dioon present some peculiarities 
which are worthy of mention. Upon becoming dissociated, they 
seldom assume the usual spherical contour, but remain more or less 
angular, and are nearly always elongated. The chromatin is abun- 
dant, but not always well defined, and it is not unusual for the entire 
nucleus to stain a dense homogeneous black with iron alum hematox- 
ylin, as if chromatin had gone into solution in the nuclear sap. In 
such cases, there are in the cytoplasm irregular masses of similarly 
staining material which take the spherical form and begin to resemble 
nucleoli as the homogeneous staining of the nucleus ceases and the 
chromatin becomes definitely outlined. When these spherical bodies 
were first observed, an effort was made to connect them with the 
blepharoplast, but it was easily determined that they were formed 
by the rounding-off of the irregular masses, and that they are never 
surrounded by radiations. They vary in number and position, but 
this may be true of young blepharoplasts. While the origin of the 
masses was not determined absolutely, there is little doubt that they 
represent a portion of the deeply staining material which has passed 
from the interior of the nucleus into the cytoplasm. 
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The behavior of the chromatin during the two mitoses by which 
four spores are formed from the mother cell will be described at some 
future time; at present I merely note that the number of chromo- 
somes in both mitoses is 12. A hasty examination might lead one to 
suspect that the number is much larger, since it is not difficult to find 
prophases of the first mitosis, just before the disappearance of the 
nuclear membrane, showing any number of chromosomes from 12 to 
24. But when there are more than 12, some are always about half the 
full size. Any number beyond 12 is due to the early separation of the 
two parts of the chromosome, which, in most cases, are separated only 
after the chromosomes have become arranged in the equatorial plate. 
Even in prophase, there are occasional indications of the second 
splitting which is to be completed at the metaphase of the second 
mitosis. 

These mitoses are not simultaneous throughout the whole sporan- 
gium, but begin at the periphery and proceed toward the center, so that 
there may be a zone of dividing cells surrounding mother cells which 
are still in the resting condition. 

POLLEN BEFORE SHEDDING 

The young pollen grains are not quite spherical, there being a 
flattened portion which might be called the base of the grain (fig. 6). 
The exine is thickest in this basal region, while at the opposite end of 
the grain where the pollen tube is to emerge, it is very thin. The 
intine is thinnest in the basal region where it is in contact with the 
thickest portion of the exine. On the sides of the spore, the intine is 
very thick, often thicker than the exine. There is no trace of a 
third spore coat, as described by FERGUSON (4) for Pinus. 

The microspore germinates while still in the sporangium. A single 
persistent prothallial cell is formed, lenticular in shape and closely 
applied to the base of the spore. WEBBER (2) described two prothal- 
lial cells in Zamia, the first formed being evanescent and the second 
persistent, but a reexamination by Miss GRAcE SmitH (8) showed 
only one. We find only one prothallial cell in Dioon, Zamia, and 

Encephalartos, and it is persistent. In later stages, after the pollen 
tube has begun to form, it would be easy to misinterpret, for the line 
of union of the stalk cell with the persistent prothallial cell often 
gives the impression of a small prothallial cell beneath the large 
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persistent one (jigs. 10-12). The illusion is emphasized by the fact 
that deeply staining granules simulating a broken-down nucleus 
are sometimes found at the base of the prothallial cell (fig. 75). It 
seems probable that a misinterpretation of this sort was responsible 
for the description of an evanescent prothallial cell. 

The nucleus in the main body of the grain now divides again, the 
mitosis resulting in the formation of a tube cell and a cell which 
resembles the prothallial cell and becomes so closely applied to it 
that the two look as if they had arisen by the division of the prothallial 
cell (figs. 7-9). This cell, so closely associated with the prothallial 
cell, has been called the generative cell. It soon divides, giving rise 
to the stalk and body cells (fig. ro). The tube nucleus, even before 
the formation of the tube, increases greatly in size, and the cell which 
is to form the pollen tube becomes filled with large starch grains. 
Late in September the pollen is shed in this three-celled condition. 

The output of spores can be estimated with reasonable accuracy 
by the formula 47R3=the number of spores in a sporangium. 
To apply the formula, it is necessary only to count the number of 
spores in a line from the center of the sporangium to the tapetum, 
substitute this number for R, and then make the calculation. Of 
course, this assumes that the mass of spores is spherical and that all 
spores develop, both of which assumptions are more or less incorrect, 
but the error is easily less than the variation in the output of individual 
sporangia of average size. In a few cases, spores were actually 
counted in a series of sections and the results were practically identical 
with the estimates by the formula. In the larger sporangia there are 
about 20 spores in a radius, and consequently the output is about 
33,507 spores. The largest sporangia, with a radius of 22 spores, 
would have an output of 44,600 spores. In some of the smaller 
sporangia, which nevertheless produce good spores, the output may 
fall as low as 8000 spores. About 30,000 spores may be regarded as 
a typical output for the average sporangium of Dioon edule. 

Late in September or early in October, when the pollen is shed, a 
large pollination drop, of the appearance and consistency of glycerin, 
oozes from the micropyle of the ovule. As the pollen passes through 
the drop into the pollen chamber, at least a portion of the drop becomes 
brownish and so hard that it adds to the difficulty of sectioning. 
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THE POLLEN TUBE 


Whether in artificial cultures or in the nucellus of the ovule, the 
pollen tube begins to grow at once, emerging from the apex of the 
spore and growing out into the sugar solution or into the tissues of the 
nucellus. The tubes are irregular in diameter and sometimes have 
short branches, but they are nearly straight and lie so close to the 
surface that their position is indicated by brown lines radiating from 
the beak (jigs. 19, 23). Since the haustorial portion of the tube 
reaches a length of 2 or 3™™, the brown lines are easily visible to the 
naked eye. As the tube begins to form, the pollen grain end is pushed 
into the pollen chamber before the haustorial end has penetrated far 
into the tissues of the nucellus. The tube is formed from the intine, 
which breaks through the exine and increases greatly in thickness, 
as may be seen by noting the comparative thickness of exine and intine 
in figs. 8 and 18. The difference is even greater than is indicated by 
the figures, because jig. 8 is more highly magnified than fig. 78. The 
tube stains a light brown with iron alum hematoxylin, contrasting 
sharply with the brilliant red which the exine takes when stained with 
safranin. 

Starch is abundant in the pollen tube, and filaments looking like the 
radiations about the blepharoplast, only much longer, are conspicuous, 
especially in the vicinity of the nucleus. 


THE BODY CELL 


The division of the generative cell, giving rise to a stalk cell and a 
body cell, takes place soon after the pollen is shed, all material col- 
lected later than the middle of October showing this division already 
completed. 

In characteristic cycad fashion, the prothallial cell now pushes up 
into the stalk cell (figs. 10, 11, 12, 15, 18). Stages between jigs. 9 
and ro, which might show the cause of this peculiar and remarkably 
constant behavior of the prothallial cell, were not available. 

The body cell, which is to produce two sperms, does not divide 
until the following spring. The division usually takes place about 
the first of April, but may occur a week earlier, or as late as the first 
week in May. During this period of about half a year, there is a 
gradual growth and differentiation of the body cell. 
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At first the cytoplasm of the body cell seems homogeneous, 
without any vacuoles or conspicuous granules (fig. 10). The 
chromatin and nucleoli of its nucleus stain sharply with iron alum 
hematoxylin. Most of the chromatin is in the form of deeply 
staining granules. 

In a short time it is noticed that the nucleus no longer stains 
sharply, the reticulum appearing very faint, and even the nucleolus 
and larger chromatin granules taking scarcely any stain. But while 
these changes are taking place within the nucleus, many granules, 
staining sharply with iron alum hematoxylin and apparently identical 
with the chromatin granules, appear in the cytoplasm. For the sake 
of reference we may call them the black granules (bg, figs. 13, 14). 
I believe that they have come from the nucleus. Whether the granules 
pass through the membrane bodily, or become dissolved and pass 
through by osmosis, might be a question. Living chromatin is 
semi-fluid and the nuclear membrane at this time is extremely thin. 
If the nuclear membrane is formed by the condensation of cytoplasm 
about the nuclear vacuole, the “breaking-down”’ of the membrane 
in the prophase of mitosis may be merely the return of the condensed 
cytoplasm to the ordinary alveolar condition; and as this condition 
approaches, but while the membrane is still recognizable, it is reason- 
able to suppose that particles may pass from the nucleus to the 
cytoplasm without becoming soluble. The black granules might 
pass from the nucleus to the cytoplasm in this way. There is little 
doubt that chromatin is more or less soluble. In solution, the 
granules could pass by osmosis through a membrane with such a 
structure as a physiologist might imagine the nuclear membrane to 
have. 

The black granules are very small at first and are more numerous 
near the nucleus. They increase in size by imbibing liquid from the 
surrounding cytoplasm, until the granule becomes a thin pellicle 
inclosing a liquid. As the pellicle stretches, granules pass through 
it into the watery interior, and the color with iron alum hematoxylin 
gradually changes from black to gray. For reference, these globules 
may be called gray bodies (gb, figs. 14,17). Both the black granules 
and gray bodies are found not only in the body cell, but also in the 
stalk and prothallial cells, and even in the cells of the nucellus. 
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THE BLEPHAROPLAST 

The origin of the blepharoplast is not easy to determine. In 
Zamia, Cycas, and Ginkgo, the blepharoplast, when first recognizable, 
is a small sharply staining granule in the cytoplasm of the body cell. 
We must admit that the same is true of Dioon, but a study of the black 
granules led us to surmise that blepharoplasts, in their origin, are 
simply these granules derived from the nucleus. It would follow 
that not two but several blepharoplasts might begin to develop. Why 
only two should become differentiated is not clear. The blepharo- 
plast, in all the early stages of its development, takes an intense homo- 
geneous black color with iron alum hematoxylin, never behaving like 
the gray bodies. Sometimes the cytoplasm about one or more black 
granules becomes dense and homogeneous, quite unlike the usual 
alveolar structure, and resembling the archoplasm which surrounds 
young centrosomes (fig. 13). It is possible that blepharoplasts may 
begin their growth in this way. 

After enlarging considerably, two blepharoplasts become unmis- 
takable through their influence upon the surrounding cytoplasm, 
which takes on a radiate arrangement with the blepharoplast as a 
center (figs. 15, 16). At first, the radiations are nothing more than 
the intersections of alveoli (fig. 16), but as the walls of the alveoli 
become less distinct, the radiations become definite granular filaments, 
extending from the blepharoplast to the periphery of the cell. Many 
of the filaments are simple, but branching is very common (figs. 17, 22). 

The appearance of the filaments in preparations indicates a stream- 
ing movement, especially toward the blepharoplast. That the 
radiations seen in sections are streams of cytoplasm is indicated by 
the fact that exactly similar structures are found in the pollen tube, 
where there is certainly a strong streaming movement. An almost 
positive proof that the filaments are streams of cytoplasm is furnished 
by artifacts. In cutting out the top of the female gametophyte with 
its archegonia, the least pressure will cause some of the cytoplasm 
of the eggs to be squeezed out through the necks of the archegonia. 
This escaping cytoplasm, streaming out through the neck of the 
archegonium, shows very numerous filaments with a structure iden- 
tical with that of the radiations about the blepharoplast, and in case 
of the artifact there is no doubt that the filaments are nothing but 
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streams of the egg cytoplasm. In many cases the connection of the 
radiations with the blepharoplast also indicates a streaming (fig. 21). 

Soon after the stages shown in figs. 16 and 17, the filaments appear 
very granular, some of the granules being almost certainly the black 
granules. The gray bodies become attached to the filaments and 
give the radiations about the blepharoplast a striking appearance 
(jigs. 18, 20, 21, 31). The general topography of the pollen tubes, pol- 
len chamber, and nucellus at this time is shown in fig. 79. 

The watery gray body runs along the filament, usually in both 
directions, so that it becomes spindle-shaped, but often it spreads 
only in one direction, and consequently becomes top-shaped. As the 
gray bodies spread along the filament, depositing granular matter and 
giving up their watery content, the filaments become smoothly and 
sharply defined and have much greater density (figs. 21, 24). The 
growth of the blepharoplast is due, in great measure, to the acquisition 
of granules, and perhaps other matter, brought to it by the streaming 
filaments. 

During the early stages of its growth, the body cell elongates and 
the two blepharoplasts with their conspicuous radiations lie in the 
plane of the long axis, one above and the other below the nucleus (fig. 
18). The pollen tube, at this time, is very narrow, and this fact may 
account for the elongation of the body cell, which fills nearly the entire 
diameter of the tube. 

In March the pollen tube has become very large, especially the 
free end of it, which projects into the pollen chamber, and with this 
increase in the diameter of the tube the body cell changes from an 
elongated to a nearly spherical form, the blepharoplasts at the same 
time rotating go°, so that they become transverse to the long axis of 
the tube (fig. 25). 

Even before assuming the transverse orientation, the blepharo- 
plasts may begin to show vacuolation (jig. 22), but after the trans- 
verse orientation has become established, the vacuoles become so 
large and so numerous that they occupy nearly the entire body of the 
blepharoplast (fig. 25). They are scarcely affected by staining, in 
nearly all preparations showing a dirty-white or pale-yellowish color. 
The ground substance of the blepharoplast still continues to stain 
black with iron alum hematoxylin, or red with safranin. 
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The blepharoplast, when nearly mature, is spherical and measures 
16 to 18 in diameter. Just before breaking up into granules, it 
becomes somewhat elliptical in section, with its longer axis parallel 
with the longitudinal axis of the body cell. The longer axis of the 
blepharoplast then measures about 20 m. 


THE SPERMS 


The body cell divides longitudinally, giving rise to two sperm 
mother cells (fig. 26a). At about the time of this division, the 
blepharoplast breaks up into a large number of granules, which at 
first occupy the elliptical area of the blepharoplast. The granules are 
derived not only from the rim of the blepharoplast but from the por- 
tions between adjacent vacuoles. It is possible that granules may 
also be formed from the radiations, for these begin to disappear at 
this time. The area of granules soon becomes elongated, and the 
spiral band begins to appear (figs. 26, 26a). By this time the pollen 
chamber has extended until it has destroyed all that part of the nucellus 
lying above the archegonial chamber, so that there is no obstruc- 
tion between the ends of the pollen tubes and the necks of the arche- 
gonia (cf. figs. 19 and 23). If the nucellus be removed, the numerous 
pollen tubes protruding from the pollen chamber are easily visible 
to the naked eye, and a little later the sperms may be observed without 
even the aid of a pocket lens (figs. 27). In this figure, the star-shaped 
area is a portion of the tissue of the nucellus, exposed by the rupturing 
of the megaspore membrane. The evenly dotted portion represents 
the megaspore membrane, which in this region adheres to the nucellus 
rather than to the female gametophyte. 

As we have said, the spiral band begins to appear as soon as the 
area of granules elongates. The band is closely applied to the nucleus 
as shown in fig. 26. The nuclear membrane is very weak in this 
region, and the nuclear structure indicates a movement of material 
toward the point of attachment. The connection between the nucleus 
and the band is maintained, even after the band has come to the 
surface (fig. 28). In the mature sperm the band is a spiral of five 
or six turns, the direction being, almost without exception, from left 
to right, as viewed from above. The radiations, which were so 
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conspicuous during the growth of the blepharoplast, disappear as 
the blepharoplast breaks up into granules. 

The two sperms are formed within the two cells resulting from the 
division of the body cell. That this is the case is readily seen in 
sections (jigs. 28, 29, 32). The relations are particularly clear in 
fig. 29, in which ¢ is the pollen tube, and w the wall of the sperm 
mother cell. The figure shows the apex of the sperm with a small 
portion of its large nucleus still surrounded by the mother cell. The 
two sperms within their mother cells are shown in the photomicro- 
graph, jig. 32. 

That the sperms are formed within mother cells is also clearly seen 
in living material, where the mother cells enlarge considerably after 
the sperms are ready tomove. The peripheral portion of the partition 
between the two sperms breaks down, thus allowing the sperms to 
move about within the old body cell. At this stage the term body 
cell is not strictly correct, because the cavity now consists of the com- 
bined areas of the two sperm mother cells. Since, however, the outer 
wall is still the wall of the original body cell and there is no name for 
the new cavity, we may refer to it as the old body cell. The wall of 
the old body cell soon breaks down and the sperms escape into the 
main portion of the tube. 

Sperms within the pollen tube measure about 200 » in diameter 
and about 275 “from apex to base. After leaving the tube, they 
increase somewhat in size, reaching a diameter of 230 w and a length 
of 300 #. Consequently, they are easily visible to the naked eye. 

The living sperm, as seen under the microscope, has a large gran- 
ular nucleus, surrounded by a thin and almost colorless sheath of 
cytoplasm, which is somewhat thicker at the spiral end. The nucleus 
usually shows a large depression just beneath the apex of the sperm 
(jig. 32). 

The movements of the sperms are easily observed by simply 
mounting a piece of the nucellus with its pollen tubes. In addition 
to the lighting from above, some light may be reflected up through the 
pollen chamber. The upturned ends of the pollen tubes (fig. 27) are 
so transparent that they scarcely obscure the view. The cilia begin 
to move while the sperms are still fast together and more or less 
attached to the stalk cell. The movement of cilia is accompanied 
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by pulsating and amoeboid movements which continue for an hour 
or more before the sperms separate. After the separation, they may 
swim for half an hour or more in the old body cell before they escape 
into the general cavity of the tube. Occasionally, the sperms are 
still attached to each other after they have escaped into the tube, and 
in such cases their movements are awkward, because they naturally 
try to move in opposite directions. When free from each other the 
principal movement is straight ahead, with a rotation on the long 
axis. The sperms swim up and down in the tube, going up as far as 
the diameter of the tube will permit, and then coming back. The 
amoeboid movements both of the cytoplasm and the nucleus are quite 
noticeable, especially while the sperm is changing its direction. At 
the apex, where the cytoplasmic sheath is thickest, the amoeboid 
movement is most conspicuous, and may be so rapid that it is more 
like a twitching. How long the sperms might swim in the pollen tubes 
under natural conditions, one could hardly guess. When a nucellus 
is inverted in a drop of sugar solution on a slide, and is still further 
protected by a bell jar, the movements have continued for five hours. 

After the sperms begin to move, there is a rapid increase in the 
turgidity of the tube, which sooner or later ruptures at or near the 
exine of the pollen grain. Most of the starch and liquid contents 
of the tube escapes with a spurt, unless one of the sperms is immedi- 
ately drawn into the opening. The first sperm may escape in two or 
three seconds, but the other may be half a minute in getting out, 
probably because there is not so much pressure behind it. The 
rupture is often not more than 50 in diameter, while the average 
sperm is four times as broad. But however much the sperm may be 
constricted in getting out, it promptly regains its form and begins to 
swim. 

Efforts to keep the sperms alive after their escape from the pollen 
tube were not very successful. In weak sugar solutions they imme- 
diately break to pieces, almost explode. In a to per cent. sugar 
solution they quickly die. Sugar was added to a 10 per cent. solution 
until it became, perhaps, a 12 or 15 per cent. solution, and in this the 
sperms continued to swim for several minutes. No experiments were 
made to determine whether the sperms are chemotactic or not. 

The material would have allowed a more detailed account of the 
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later history of the blepharoplast and the development of the sperm, 
but these features, particularly the relation of the blepharoplast to 
the spiral band, are shown so much more clearly in my preparations 
of Ceratozamia, that I have refrained from any extended description 
at this time. 

The further history of the sperm of Dioon edule will be considered 
in a forthcoming paper on fertilization and embryogeny. 


DISCUSSION 


With THIEsSEN’s (14) paper on the seedling of Dioon edule, my 
own paper on the ovule and female gametophyte, the present paper 
on spermatogenesis, and a study of fertilization and embryogeny 
now nearly completed, considerable information concerning this 
form is available. The temptation to draw conclusions is strong, 
but studies on Ceratozamia mexicana and Dioon spinulosum are well 
under way, and Sister HELEN ANGELA (12) has already completed 
an investigation of the anatomy of Ceratozamia. Since any theories 
will be more likely to be well founded if based upon a comparative 
study, I shall reserve speculations for a safer opportunity. At present 
I shall merely consider a few points suggested by the foregoing de- 
scription. 

The largest staminate sporophylls in the Cycadales are found in 
Cycas and the smallest in Zamia. . The number of sporangia corre- 
sponds, roughly, to the size of the sporophyll. The sporangia in 
Cycas, Encephalartos, Dioon, and all the forms with large micro- 
sporophylls, so far as I have been able to examine them, have the 
sporangia in definite sori with 3, 4, or 5 sporangia in a sorus. In 
forms with smaller sporophylls, like Zamia, Ceratozamia, and Micro- 
cycas, some of the sporangia are single, but most of them are grouped, 
with 2 or 3, or occasionally 4 sporangia in a sorus. CALDWELL (9) 
states that in Microcycas the sporangia are not arranged in sori, 
but his photograph shows that even on the smaller sporophyll most 
of the sporangia are in sori; the number of sporangia is about 100 
on the larger sporophyll. The number of sporangia on a sporophyll, 
according to Miss GRACE SMITH (8) is as follows: Cycas circinalis 
700, Encephalartos Caffer 700, Macrozamia Miquelii 600, Encepha- 
lartos villosus 500, Dioon edule 200, and Zamia floridana 24. We 
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can now add that the number in Dioon edule often reaches 300, the 
usual number in Ceratozamia mexicana is 250 to 300, and in Stangeria 
paradoxa, about 260. In both Ceratozamia and Stangeria the sporan- 
gia are very small. 

If this is a reduction series, as we believe it is, Microcycas, so far 
as this character is concerned, has scant claim to the position of 
“the most primitive cycad yet described,” especially since LAND (10) 
from a consideration of the female gametophyte, and Sister HELEN 
ANGELA (13) from an investigation of the vascular anatomy, have 
concluded that Microcycas is far from primitive. As far as micro- 
sporophylls and microsporangia are concerned, Dioon is nearer the 
Cycas condition than any other western cycad. 

The output of spores is very easily estimated. Bowerr’s studies 
on spore-producing members have shown that the more primitive 
ferns have a large output, which is gradually reduced as we pass to 
the highly specialized recent forms. We believe the same is true of 
cycads. The output in Dioon edule is about 30,000 spores per spo- 
rangium. According to Miss GRACE SMITH (8) the output in Encepha- 
lartos villosus is 26,000, in Ceratozamia mexicana 8000, and in Zamia 
floridana 500 to 600. It would be interesting to know the output in the 
other cycads. I should expect an output of 30,000 or more in Cycas, 
and should be surprised if the output in Microcycas reached 20,000. 
Judging from CALDWELL’s (g) account, I should look for an output 
of about 10,000 spores. 

In our study of the spore coats, I looked for the third coat described 
by Fercuson (4). The fact that only an intine and an exine are 
present in Dioon led me to reexamine Pinus Laricio. I found only 
an exine and an intine, as in Dioon, the third coat described by Miss 
FERGUSON (4) being merely the usual intine which her excellent 
technic had sharply differentiated from the exine. As preparations 
show and her own figures indicate, the intine, which she mistakes for 
a third coat, grows out to form the pollen tube. 

The blepharoplast in Dioon edule is probably of nuclear origin. 
IKENO (1) was inclined to believe that the blepharoplasts of Cycas 
revoluta came from the nucleus, although when first recognizable they 
are small bodies just outside the nuclear membrane. WEBBER (2) 
finds that in Zamia the blepharoplasts originate de novo in the cyto- 
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plasm of the body cell, but no convincing early stages are given. 
CALDWELL’s (9) material was all too far advanced to show the origin 
of the blepharoplasts. 

It seems probable that the manner in which the spiral band is 
formed from the blepharoplast is similar, in its main features, in all 
the cycads. The solid blepharoplast becomes vacuolated and then 
breaks up into a group of granules from which the ciliated band is 
formed. CALDWELL (9g) describes in Microcycas a band, already dis- 
tinct during the division of the body cell, and says that this band 
becomes broken up into fragments upon which the beginnings of 
cilia may be seen. His fig. 25 indicates that the band is a sec- 
tion of the rim of the much vacuolated blepharoplast, while the 
“fragments”? in his fig. 27 are sections of the spiral band, which has 
already made several turns. The cilia which he figures on the inside 
of the fragments need confirmation. 

The origin of the blepharoplast in pteridophytes has been con- 
sidered by several investigators, all of whom agree that it first appears 
in the cytoplasm. Some find it present even from the early sper- 
matogenous divisions, while others find it first in the cell which is to 
give rise to two sperm mother cells, or, occasionally, one generation 
earlier than this. In a very detailed account of spermatogenesis in 
Nephrodium, YAMANOoUCHI (11) finds that two blepharoplasts first 
appear in the cell which is to give rise to two sperm mother cells. 
The blepharoplast in pteridophytes simply elongates and forms the 
band directly, there being no radiations, no vacuolation, nor break- 
ing-up into a group of granules which subsequently give rise to a spiral 
band. While the blepharoplasts of ferns and cycads are doubtless 
homologous structures, no intermediate conditions have yet been found 
which would explain the behavior of the blepharoplasts of cycads. 

In Dioon edule, as in nearly all gymnosperms, only two sperms 
are formed in the pollen tube. In a few instances I have noted four 
sperms in the pollen tube of Ceratozamia mexicana. JUEL (3) found 
four to twenty sperms in the pollen tube of Cupressus Goweniana, and 
naturally regarded the condition as primitive. CALDWELL (9) found 
sixteen or twenty sperms in Microcycas calocoma, and on the basis of 
this character claimed Microcycas to be the most primitive cycad 
yet described. 
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That the two sperms represent a reduction from a larger number 
is so evident that there is no need for discussion, but a word in regard 
to the so-called “body cell’? from which they are produced may not 
be out of place. In the cycads, in Ginkgo, and in Coniferales the 
cell whose division gives rise to the “stalk cell” and body cell is 
often called the generative cell, probably because the stalk cell is 
regarded as a spermatogenous cell which has ceased to function. 
In Cupressus, Microcycas, and Ceratozamia all the sperms come 
from the body cell, the stalk cell being entirely sterile. It might be 














Fic. 33.—Diagram illustrating the homologies between the parts of an ordinary 
polypod fern antheridium and the pollen tube structures of a cycad: A and C, the 
fern antheridium, in C the dome cell being represented as elongated into a tube; B and 
D the cycad structures: , prothallial cell; s, stalk cell; sp, spermatogenous cell; ¢, 
tube cell. 


suggested that the stalk cell corresponds to the basal cell of the 
ordinary fern antheridium and that the dome cell corresponds to the 
pollen tube, while the primary spermatogenous cell corresponds to the 
body cell. If the dome cell, without forming the usual cover cell, 
should become elongated, we should have very much the same situa- 
tion as that found in Cupressus Goweniana, Microcycas calocoma, and 
Ceratozamia mexicana. The diagram (fig. 33) indicates these 
homologies in an ordinary polypod fern and a cycad. The fact that 
in the fern the dome cell is sister to the spermatogenous cell, while in 
the cycad the stalk and spermatogenous cells are sisters, might be 
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regarded as an objection by those who lay great stress upon the 
importance of a rigid sequence of cell divisions. 

I have shown that in Dioon edule the sperms are formed within 
sperm mother cells from which they are subsequently discharged. 
IKENO (1) does not state whether the sperms of Cycas are formed 
within mother cells or not. WEBBER (2) claims that in Zamia they 
are not formed within mother cells, but that the two cells resulting 
from the division of the body cell become ciliated. CALDWELL (9) 
does not mention this feature in his account of Microcycas and his 
figures are noncommittal. Muyake (6) saw the sperms within the 
body cell in Ginkgo, but could not make a definite statement for 
Cycas. I have examined Zamia and find that the sperms are organ- 
ized within definite sperm mother cells, and have found the same 
situation in Ceratozamia. This condition is probably general in 
cycads. 

In bryophytes the final division of the spermatogenous cells results 
in conspicuous pairs of sperm mother cells, or perhaps, as has been 
claimed, two sperms are formed in a single mother cell. In pterido- 
phytes the pairs are not so conspicuous, but the feature is just as defi- 
nitely present. In nearly all gymnosperms the spermatogenous 
tissue has become reduced to a single pair of spermatogenous cells, 
which in some cases, as in Juniperus, bear a striking resemblance to 
the sperm mother cells of cycads. In Juniperus, however, no vestige 
of a blepharoplast has been reported, and it is assumed that the 
mother cells function directly as sperms. In forms like Pinus, there 
is merely a nuclear division within the body cell, giving rise to two 
sperm nuclei, no sperm mother cells being formed. In Pinus there 
are structures which may be vestiges of blepharoplasts. It would be 
interesting to know whether a cytological study of some form like 
Juniperus or Thuja would show non-ciliated sperms with vestiges of 
blepharoplasts within mother cells. 

Enough is now known of the sperms of the four genera of occidental 
cycads to identify the genera by this character alone. A comparative 
study will be made later, but a few features will be mentioned here. 
In Cycas the spiral makes five and a half to six turns, the direction 
being from right to left, as viewed from above. In Zamia, according 
to WeBBER (2), there are five to six turns, always from left to right. 
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In Dioon also, the direction is from left to right. In Microcycas 
CALDWELL (g) figures three cases, one from right to left, and the 
direction of the other two uncertain. What causes the direction of 
spiral is not known. 

Zamia has the largest sperm yet described, measuring 222 to 306 » 
in diameter and 222 to 332 “inlength. In Cycas the diameter is 180 
to 210. In Dioon edule the living sperms measure about 230 
in diameter and 300 4 in length. In microtome sections, the sperms 
are smaller, perhaps on account of plasmolysis, but more probably 
because the sperms increase in size after leaving the tube. In section 
the sperms measure about 200 in diameter and 275 » in length. 
CALDWELL (Q) gives no measurements, but, judging from his figures, 
the sperms are comparatively small, with a diameter of about 60 pw. 

In all the cycads which have been studied, the movements of the 
sperms are very similar, a forward movement with a rotation upon 
the long axis. While experiments have been made, no chemotaxis 
has yet been noted. When the sperms are mature, the neck canal cells 
are very large and turgid. It may be that they exert a chemotactic 
influence. 

If the foregoing account seems to consist rather largely of data, I 
can only say that I prefer to reserve any discussion of phylogeny 
until the investigations in which I am already engaged shall have 
been completed. 

SUMMARY 

The sporophylls of the staminate cone are rather large, and bear 
about 250 sporangia, a larger number than in any cycads except 
Cycas, Encephalartos, and Macrozamia. The output of spores per 
sporangium is about 30,000, a larger output than in Zamia, Cera- 
tozamia, or Encephalartos, the only genera in which this feature has 
been noted. 

There are twelve chromosomes in the pollen mother cell, but they 
often split so early that the number may appear larger. 

There is only one prothallial cell and that is persistent. The 
report of an evanescent prothallial cell in Zamia is probably due to a 
misinterpretation. 

The blepharoplasts are very probably of nuclear origin. The 
radiations are streams of cytoplasm, which, in early stages, have a 
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peculiar appearance on account of the granules and globules which 
adhere to them. The solid blepharoplast becomes vacuolated and 
then breaks up into granules from which the spiral band is formed. 
The ciliated band makes five or six turns from left to right. The 
sperms are larger than those of Cycas or Microcycas, but not quite 
so large as those of Zamia. 

The sperms are formed within sperm mother cells, from which they 
are discharged. The same is true of Zamia, Ceratozamia, and 
probably of other cycads. 

In addition to the movement by cilia, there is a vigorous amoeboid 
movement of both nucleus and cytoplasm. 

Discussion of phylogeny will be reserved until investigations now 
in progress have been completed. 
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EXPLANATION OF PLATES XV-XVIII 
Fics. 1, 2.—In text. 
PLATE XV 

Fic. 3.—Transverse section of a young microsporophyll, showing sori, s, 
mucilage ducts, m, and vascular bundles, 6. X1o. 

Fic. 4.—Two microsporangia of sorus. X55. 

Fic. 5.—Section of a part of the microsporangium, showing epidermis, wall 
layers, tapetum, and some sporogenous tissue. 250. 

Fic. 6.—Microspore, Aug. 14, 1905. X 1260. 

Fic. 7.—Microspore showing the prothallial cell, p, generative cell, g, and 
tube cell, ¢. 1260. 

Fic. 8.—The pollen tube is beginning to form. X 1260. 

Fic. 9.—Pollen tube somewhat later. Oct. 1, 1907. 1260. 

Fic. 10.—The generative cell has divided to form the stalk cell, s, and body 
cell, b. Oct. 21, 1907. X 1000. 

Fic. 11.—A later stage; black granules and gray bodies in the cytoplasm of 
the body cell. X 1000. 

Fic. 12.—Nearly the same stage as fig. 17. X 1000. 

Fic. 13.—Body cell showing black granules. Oct. 23, 1907. 1890. 

Fic. 14.—Body cell with black granules and gray bodies. Oct. 23, 1907. 
X 1890. 

Fic. 15.—Beginning of radiations about the blepharoplasts. Oct. 30, 1907. 
X945- 

Fic. 16.—The blepharoplasts and radiations of the previous figures. XX 1890. 


PLATE XVI 


Fic. 17.—Blepharoplast with radiations and gray bodies, gb; the figure shows 
the alveolar structure of the cytoplasm. X 1890. 

Fic. 18.—Pollen tube structures with gray bodies on the radiations sur- 
rounding the blepharoplasts. Nov. 20, 1906. 630. 

Fic. 19.—General view of nucellus at stage shown in fig. 18, with pollen 
tubes and pollen chamber. X30. 

Fic. 20.—Blepharoplast with gray bodies on the radiations. Nov. 27, 1907. 
X 1890. 

Fic. 21.—-Later stage of blepharoplast and radiations. X18go. 

Fic. 22.—Still later stage. 945. 

Fic. 23.—View of nucellus just before the division of the body cell; the pol- 
len chamber has extended entirely through the nucellus. X8 
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PLATE XVII 

Fic. 24.—Body cell with two blepharoplasts. 945. 

Fic. 25.—Pollen tube structures after the transverse orientation of the 
blepharoplasts. May 5, 1906. 237. 

Fic. 26.—Beginning of the spiral band. X 1890. 

Fic. 26a.—Topography of pollen tube structures at the stage shown in fig. 26. 

Fic. 27.—View of nucellus with pollen tubes at the stages shown in figs. 
26-29. X8. 

Fic. 28.—Connection of the nucleus with the spiral band. 945. 

Fic. 29.—Apex of a sperm, showing that the sperm is organized within a 
mother cell: ¢, pollen tube; w, wall of sperm mother cell. 800. 

Fic. 30.—Transverse section of spiral band. X45. 


PLATE XVIII 
Fic. 31.—Photomicrograph of pollen tube showing blepharoplast with gray 
bodies on the radiations. 800. 
Fic. 32.—Photomicrograph showing that the sperms are formed within 
mother cells. 800. 
Fic. 33.—In text. 
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THE MOUNTING OF ALGAE 


In a personal communication from the well-known phycologist Pro- 
fessor G. S. WEsT, of the University of Birmingham, England, I received 
an outline of a method of fixing, mounting, and preserving algae which, 
as he tells me, has not been given the attention that it perhaps deserves. 
The fluid used serves at the same time as a killing, fixing, preserving, and 
mounting medium, and for delicate structures like desmids and other algal 
forms, it perhaps cannot be surpassed. It has the advantage, moreover, 
that it keeps the natural coloring of the green algae, something which the 





instructor in elementary laboratory work will appreciate better than anyone 
else. The fluid is a 2 per cent. solution of potassium acetate, just made 
blue with a small amount of copper acetate. The substance reduces 
plasmolysis of the cell contents toa minimum. The algae can be put into 
the solution and kept init. If a permanent mount is wanted a small amount 
of the material is put on a rather thick slide and sealed with old gold size 
several times after each drying. The mounts are permanent, but it is 
usually necessary to take great care in sealing, and to this end to use a thick 
slide. A thin slide will bend considerably in handling, and the sealing 
may be separated in this way from the slide, so that the preparation will 
dry up as the result. 

For some reason the fluid presents considerable difficulty with Vauche- 
ria, and plasmolysis is hard to avoid. I have found that the best way 
to treat Vaucheria, especially the zoospores before or just after germination, 
when the plant is particularly delicate, is to kill it rapidly with 3 or 4 per 
cent. formalin. The formalin must be completely and quickly removed 
or the preparation will turn black afterward. Fixing for half an hour in 
the 3 per cent. formalin will not be injurious. Remove the formalin by 
repeated washing with water. If the Vaucheria thus treated is rapidly 
brought into glycerin to which a little thymol is added, the preparation 
will be as perfectly green as when alive, and will retain its green color 
indefinitely. The method may be extended to all small green forms like 
the smaller liverworts, fern prothallia, and moss protonemata. 

To get the material into glycerin, add first a considerable quantity of 
5 or 10 per cent. glycerin in water, and put the dish near but not on a 
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radiator. In a few days the evaporation will leave the fluid thick. Once 
the preparation is in thick glycerin the color will not change, if the formalin 
has been completely removed. 

The potassium-copper-acetate solution will not keep the natural color 
of diatoms. It has the property of removing the diatomin or yellow color- 
ing matter from the diatoms and leaving the plants perfectly green. The 
solution can thus be used in demonstrating the presence of chlorophyll in 
these plants. The diatomin is removed or absorbed in a few minutes after 
application. 

As I have found some difficulty in keeping the microscopic mounts 
made in the potassium-copper-acetate solution because of drying, I have 
evolved a modification of the glycerin method in combination with it. The 
mounts made by this method are perfectly durable, and when carefully 
prepared are superior to ordinary glycerin mounts, as all green algae treated 
with it keep their natural colors indefinitely. Glycerin jelly can also be 
used at the end to make the mount even more durable than the ordinary 
glycerin mount would be. The procedure is as follows. 

The algae to be used are fixed in the potassium-copper-acetate 2 per 
cent. solution. After they have been killed and fixed in this fluid (the 
time varying according to the specimen treated), add to the above solution 
an equal part of 10 per cent. glycerin solution and allow to concentrate 
by evaporation in a warm dry place protected from dust. The algae must 
be thoroughly separated from dirt and soil or the concentrated solution 
will precipitate a reddish-brown cloud of reduced copper. In nearly all 
cases the preparation when thickened will be covered with a film of acetates, 
which can be removed from the top of the fluid without injury to the mate- 
rial. The concentrated solution should be perfectly clear, of a light green 
color, and the chromatophores of the algae as perfect a green as in life. 
I have often been asked by students, and in fact by those well acquainted 
with algae, whether the plants thus given them for examination were not 
really alive. The advantage of having plant material, especially for ele- 
mentary students, in a condition as near as possible to the live state, obviates 
explanations about stains. I have found it very undesirable to give begin- 
ners any material other than alive or such as looks like the live stage of the 
plant studied.—J. A. NrEUWLAND, University of Notre Dame, Ind. 

















BRIEFER ARTICLES 


PAUL HENNINGS 
(WITH PORTRAIT) 


Professor PAUL HENNINGs, the well-known mycologist, died after a 
short illness on October 14, 1908. 

In the botanical circles of Berlin he was a welcome and esteemed per- 
sonage, having won the sympathy of his colleagues‘by his extensive learning 
as well as by his kindly and un- 
assuming nature. He was a dis- 
tinguished collector and preparator, 
an authority on the world’s fungi, 
a faithful and conscientious official 
of the Museum, and last, but not 
least, a gifted and humorous dialect 
poet. 

As his personality and his whole 
nature were made up of a multi- 
tude of contradictions, understood 
only by those who knew him inti- 
mately, so the course of his de- 
velopment also shows many con- 
tradictions which alone give the 
key to a comprehension of this 
unusual man, who was, in the 
best sense of the word, an original. 

PAUL HENNINGS was born on 
November 27, 1841, in Heide, Dithmarsischen, Holstein. He grew up in 
provincial surroundings, attending the gymnasium at Meldorf until circum- 
stances compelled him in 1860 to give up the scientific career to which he 
aspired, and to leave school when only a third-form boy. 

He became an assistant in the Kiel botanical gardens and soon an 
acknowledged authority on the endemic flora. Professor NoLTE, at that 
time director of the gardens, gave much attention to the aspiring young 
man, and ever afterward looked out for his interests in the most fatherly 
manner. 

Urged by his older countryman, the Low-German poet KLaus GROTH, 
with whom he was always on the most friendly terms, he was matriculated 
in Kiel in the winter semester of 1863-1864. The breaking-out of the war 
in 1864 obliged him to give up his work in Kiel, and he secured an official 
position in the post-office at Augustenburg. After many changes of residence 
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he was transferred to Hohenwestedt where he remained until 1874. His 
official work was repugnant to him, and during this whole time he remained 
faithful to his love of science, teaching in the agricultural school of Hohen- 
westedt and soon taking a prominent position as a collector. In addition 
to all this work he began to issue not only his herbaria for agricultural 
purposes, but also the first hundred of his comprehensive seed collections. 

In 1874, he was called by E1cH LER, who at that time was director of the 
botanical garden at Kiel, to be his assistant. Here he put in order the 
Lucas herbarium and devoted himself with great zeal to the cryptogamous 
herbarium. EICHLER was called to Berlin in 1879, and in 1880 he invited 
Professor HENNINGS to join him, and confided to him the arrangement of 
the newly established exhibition museum of the cryptogamous herbarium. 
While doing this he was also busy in the gardens. His power of application 
made it possible for him to complete speedily the work assigned to him. 

From about 1885 he devoted himself almost exclusively to fungi. It is 
true that during this period he issued two fascicles of the algae of the Mark 
Brandenburg, but his interest centered in the mushrooms of this region, 
and later, when the museum received abundant collections from tropical 
regions, he devoted himself to the fungi of the whole world. His fine feeling 
for form enabled him in a short time to become an authority in all systematic 
questions regarding fungi. When in 1890 he was appointed assistant 
Custos, and in 1891 Custos of the Botanical Gardens, he had already brought 
together in Berlin one of the best collections of fungi in the world. 

In 1902, as a well-deserved recognition of his work, he was appointed 
royal professor. Until his death he continued indefatigably at his work, 
the division of the fungi assigned him in the great museum. 

Twelve months ago the death of his son paralyzed his energies and 
stole the pen from the busy hand. 

HENNINGsS in his special domain was self-taught, and his entire activity 
must be judged from this point of view. He possessed a fine sense of form, 
which made it possible for him at once to put every newly discovered species 
in the right place in the system. By this his work was greatly facilitated, 
and this explains his easy command, not only of the fungi of the Mark, 
but also of tropical regions. He published in twenty years 250 papers 
which dealt with the fungi of innumerable tropical regions. He made a 
specialty of the mushrooms of the German colonies and of Brazil. He 
dominated the difficult domain of the Hymenomycetes in a masterly man- 
ner, so that he discovered many unexpected treasures even at the gates of 
Berlin. 


Few except those who stood near to this reserved—sometimes almost 
repellent—man, suspected that he had a really childlike soul, one particu- 
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larly responsive to lyric poetry and to the dialect of his home. He wrote 
many humorous poems, revealing a rich poetical power, a deep comprehen- 
sion of life, and a faithful devotion to his home. 

He showed rare courteousness to his friends and even with strangers 
he was not parsimonious of his great knowledge. Helpful, modest, retiring, 
a man of the old stamp, of the right sort, has passed away with this scholar. 
Honor to his memory!—Translated from the German of Linpav, by 
J. Perkins, Berlin. 

PURE CULTURES OF FUNGI 

The Association internationale des botanistes, founded some years ago, 
has an office where pure cultures of fungi can be obtained either in exchange 
for others, or on payment. Although this fact is probably not unknown 
to the readers of this journal, we wish to remind them of it and state its 
exact purpose, trusting that more use will be made of the office than has 
been the case hitherto. 

This office proposes to become a living register of the described fungi. 
Large numbers of species are mentioned in the handbooks, which are said 
to be insufficiently described and cannot possibly be identified. The 
number of identical species described under different names is immense. 
This evil may be avoided in future if every mycologist, when describing 
a new fungus, will send a culture to the office of the Association. The 
author not only is thereby relieved of its cultivation, but everyone who 
is studying kindred species may procure material for comparison. 

Rather frequent applications are made to the office, but the collection 
does not grow in proportion to the description of new species. It has often 
happened that upon requesting a person to send us a culture of a certain 
recently described fungus, the author is obliged to reply that the cultures 
have been lost. Who can be sure ever to find again his fungus? The 
little trouble of sending it to the office, however, would have saved the origi- 
nal material to posterity. 

But the office does not desire the new species only. Those also will 
be acceptable of which you have pure cultures and which are not mentioned 
in our list, published regularly in the Botanisches Centralblait; because many 
species are asked for which we do not possess. You are requested to tell 
us whether the species left to our care need frequent renewing. The greater 
part of our cultures are transferred once every three months, but many 
of them need particular care. 

Further information, and details of terms for the proposed service will 
be gladly supplied on application.—Dr. JOHANNA WESTERDIJK, I Roemer 
Vischerstraat, Amsterdam, Holland. 








CURRENT LITERATURE 


BOOK REVIEWS 
Physiological education 


In putting out the second edition of his laboratory course in plant physiology,? 
Professor GANONG directs attention to its threefold purpose in these words: 

First, it aims to lead students through a good laboratory course in plant physiology. 
Second, it seeks to provide a handbook of information upon all phases of plant physi- 
ology having any educational interest. Third, I venture to hope that it may find serv- 
ice as a guide to self-education by ambitious teachers or students. .... The book 
is not a compendium of physiological knowledge, nor yet, except incidentally, a hand- 
book of investigations; but it is a guide to the acquisition of a physiological education. 
It is designed as a contribution to educational economy, and as such I wish it to be 
judged. 

No one who examines the work can fail to see that it fulfils the threefold 
design of its author, so far as is compatible with success in making it, what it 
distinctly is, a contribution to educational economy, and by no means the first that 
Professor GANONG has produced. The strong pedagogical spirit which runs 
through the book is suffused by the even stronger scientific spirit, and the com- 
bination will make it of the highest service to teachers, as well as to those who, 
without other guidance, seek to gain a first-hand knowledge of plant physiology. 

It must be pointed out that the book plans vastly more work than can be allot- 
ted to any elementary course in plant physiology in colleges. In the collateral 
lines of reading and inquiry that it suggests, there is opportunity for some years 
of labor, and for acquiring a wide knowledge of certain topics. Doubtless the 
author had it in mind that it is far better to err in this direction than to leave the 
student with the false notion that the book presents fully the whole subject. But 
a less informed and considerate teacher might heedlessly use such assignments 
to overburden seriously the conscientious student. 

If, however, a self-taught student had this book alone as his guide, his knowl- 
edge of plant physiology might not be well balanced, because the pedagogical 
value of different parts of the subject, and hence the attention paid to them by 
the author, are not always proportionate to their importance. Thus, little more 
than 20 pages are devoted to the phenomena of irritability, and about an equal 
number to growth, while in both cases a considerable part of this is occupied by 
the description of apparatus. On the other hand, a little more than 20 pages is 
given to transpiration alone, and nearly twice as much to photosynthesis. While 
this allotment may be defended on pedagogical grounds, it is not clear that it is 


t GANONG, W. F., A laboratory course in plant physiology. 8vo. pp. vi+265. 
figs. 68. New York: Henry Holt & Co. 1908. $2.00. , 
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justifiable from the standpoint of the student or of the subject. Obviously, the 
author expects that by lectures or other reading and experimentation such inequal- 
ities are to be corrected. 

One very helpful feature for the teacher is that various apparatus and methods 
of conducting experiments are either described in full or are referred to, so that 
they may be available. In most cases, however, it will be found that the method 
adopted in the book is clearly the most suitable for the elementary student, taking 
all things into consideration. 

Much of the “normal apparatus,” devised by Professor GANONG and now 
put upon the market, is highly convenient and useful. In some cases, however, 
it is doubtful whether the game is worth the candle, e. g., in the quantitative deter- 
mination of transpiration; and often laboratory funds are more limited than the 
time of the student. 

As to the particular course outlined in this guide, one must inquire whether, 
from the point of view of convenience, training, and knowledge acquired, the 
selection of experiments is the best that could be made, and whether appropriate 
attention is paid to the various topics. On these matters each teacher will have 
to form his own conclusion, because his own attitude toward the whole subject, 
and the special conditions under which his work is carried on, must be determining 
factors. Consequently, it is possible that no two would precisely agree. But 
we fancy there will be small disagreement with the statement that no one will 
fail to find this book of the greatest service in conducting elementary courses, 
even if he hesitates to adopt it formally as a laboratory manual, and for that pur- 
pose it is, in many respects, far and away the best that has appeared in any 
language.—C. R. B. 


MINOR NOTICES 


Javanese fresh-water algae.—Various works have-contributed to make known 
the algal flora of Java, of which the nearly simultaneous ones by DE WILDEMAN 
and by GUTWINSKI are best known and most comprehensive. BERNARD, though 
not a professed phycologist and modestly decrying the value of his work, adds 
very materially to the knowledge of the Protococcaceae and Desmidiaceae, in a 
rather voluminous paper published by the Department of Agriculture of the Dutch 
Indies.? Beginning the work of collecting almost accidentally, the beauty and 
interest of the unicellular forms and the necessity of examining them in the living 
condition determined his study of them. In an introduction (45 pp.) the author, 
after giving briefly the history, bibliography, methods of study and collection, and 
the peculiarities of the localities explored, discusses the variations, adaptations, 
and cosmopolitanism of certain forms, states his attitude on nomenclature, and 
sets forth in tabular statistical form the various contributions to his subject. 
From this it appears that there are now known 230 species and varieties of these 


2 BERNARD, Cu., Protococcacées et Desmidiacées d’eau douce, recoltées & Java 
et decrites par C. B. Imp. 8vo. pp. 250. pls. 16. Batavia: Landsdrukkerij. 1908. 
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two orders, of which BERNARD has collected and described 202. Of these 4 are 
new to Java, 79 others are new to the East Indian region, and 81 are described 
as new species or varieties. By 580 carefully drawn figures, rather crowded on 
the plates, the author represents all species of his collection, so that later workers 
can see what plants he has actually been working with. The evident care and 
thoroughness of the work indicate that this is no mean contribution to the 
knowledge of the Javenese flora.—C. R. B. 


Folk names of Brazilian plants.—For some years there has been running 
through the Pharmaceutical Review a series of articles by Dr. THEODOR PECKOLT, 
giving the vernacular names of Brazilian plants and plant products, including 
both the Portuguese names and those adopted from the Tupi language. This 
material is now brought together in book form,’ as monograph no. 15 of the 
Pharmaceutical Science Series, under the editorship of Dr. EnywArD KREMERS. 
The vernacular names appear in alphabetic order, with the German equivalent 
where it exists, the scientific equivalent, including the specific name and family 
name, when known, and brief comments in German on the use made of the prod- 
ucts. Itis rather unfortunate that there is not an index to the scientific names, 
for this would undoubtedly greatly increase the usefulness of what has been a 
difficult and time-consuming task. The volume will be of special assistance to 
taxonomists, to dealers in crude drugs, and to manufacturers who call for 
Brazilian products.—C. R. B. 


German South-polar Expedition.—The second part of the eighth volume 
(Botany) of the sumptuous report upon this expedition has just been issued, 
with an account by REINBOLD of all the seaweeds except the Lithothamniaceae, 
which are elaborated by Fostre. The collections were not extensive and no new 
species were found by REINBOLD. FOsLIE, however, recognized and described 
several new unsegmented corallines from the material obtained by this expedition, 
and here presents again the descriptions with photographic illustrations.—C. R. B. 


NOTES FOR STUDENTS 


A primitive type of seed.—OLIveER has made a most interesting contribution’ 
to our knowledge of the structure of paleozoic seeds. In 1875 WILLIAMSON 


3 PECKOLT, THEODOR, Volksbenennungen der brasilianischen Pflanzen und Pro- 
dukte derselben in brasilianischer (portugiesischer) und von der Tupisprache adoptir- 
ten Namen. 8vo. pp. 252. Milwaukee: Pharmaceutical Review Publishing Co. 1907. 

4 Deutsche Siidpolar-Expedition, 1901-1903, im Auftrage des Reichsamtes des 
Innern herausgegeben von ERICH VON DRyYGALSKI, Leiter der Expedition. VIII. 
Band, Botanik, Heft II. (1) RemnBotp, TH., Die Meeresalgen, pp. 179-202. (2) 
Fos.tiE, M., Die Lithothamnien. pp. 203-220. pl. 20. figs. I-6. Berlin: Georg 
Reimer. 1908. M5. 


S OLIVER, F. W., On Physostoma elegans Williamson, an archaic type of seed 
from the Palaeozoic rocks. Annals of Botany 23:73-116. pls. 5-7. figs. I0. 1909. 
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described Physostoma elegans from the Lower Coal-measures, but a little later 
placed it in his new genus Lagenostoma as L. physoides. OLIVER now proposes 
to revive the genus Physostoma as distinct from Lagenostoma, replacing the 
name L. physoides by the original P. elegans, and associating with it ARBER’s 
L. Kidstonii as P. Kidstonii. 

Physostoma elegans is remarkable in several particulars. It is a small (5.5- 
6™™), narrow, usually ten-ribbed seed, with the integument free only in the region 
of the nucellar beak, as in Lagenostoma; but in this free region the integument 
consists of ten distinct lobes (‘‘tentacles” the author calls them). These lobes 
are the direct prolongation of the ribs below, and represent the units of the “canopy” 
of Lagenostoma. Both lobes and ribs are clothed with long, club-shaped hairs. 
The testa shows no stony layer, and therefore is homogeneous, consisting of five 
or six layers of close-fitting, thin-walled, elongated cells. The vascular system 
enters the narrowed base of the seed as a single strand, which at once breaks up 
into a ring of strands, each one of which traverses a rib and continues on through 
the corresponding free lobe. The vascular strands lie along the inner limit of 
the integument, in what would be the “inner fleshy layer” had the usual three- 
layered differentiation of the testa occurred. On the outside of each strand there 
is a lacuna; and in the base of the seed a continuous lacuna surrounds the single 
large strand and the group of separating strands. It is suggested that these lacunae 
represent the position of disorganized phloem. 

The nucellus is remarkable in its peripheral “secretory zone,’ which extends 
from the chalaza to the tip of the nucellar beak. The “‘secretory sacs” are thin, 
oblong, tabular cells, separated by a tissue of smaller cells. They are most abun- 
dant and crowded in the funnel-shaped region of the chalaza bounded by the diver- 
ging vascular strands and the base of the embryo sac. The author sees in the 
presence of these secretory sacs the retention in the ovule of a feature present in 
the vegetative organs, in which character Physostoma is unique in the Lageno- 
stoma group. Between the secretory zone and the sac there is a tissue of six or 
more radially compressed layers, which the author calls the “‘tapetum.” Of course 
this may represent the active nutritive zone developed in many gymnosperms 
in the nucellar tissue surrounding the sac; or it may be the ordinary nucellar tis- 
sue compressed by the enlarging sac. The megaspore membrane was only occa- 
sionally detected, and then as a very delicate one. The pollen chamber, as in 
Lagenostoma, is formed by the separation of the epidermis of the nucellar beak 
from the subjacent tissue, giving the appearance of nucellar tissue growing into 
the pollen chamber as a conical mass, the chamber thus becoming a bell-shaped 
crevice. Physostoma differs, however, from Lagenostoma, in the fact that the 
embryo sac invades this beak, so that the apex of the sac is invested by the base 
of the pollen chamber (‘“‘like the incurved bottom of a wine bottle”). OLIVER 
suggests that this apical prolongation of the sac of Physostoma may be the “pri- 
mordial tent pole,” as found in Cordaitales and Ginkgoales. 

The pollen chambers contain an abundance of pollen grains, which show 
the cell-complex now known in several paleozoic seeds. The author thinks that 
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at least the larger of these cells produced sperms, and asociated bodies, probably 
representing sperms, were also found. 

The author concludes that an integument of free segments is more primitive 
than that of ‘‘coalesced” segments, and that probably intermediate stages of coales- 
cence occur in the Lagenostoma group. In this group, therefore, the origin of 
the integument is multiple, but the nature of the units is the residual question. 
OLIVER is not inclined to accept Miss BENSON’s suggestion that the integument 
(as illustrated by that of Lagenostoma Lomawxii) has arisen by the sterilization of 
the peripheral sporangia of a synangium; but prefers to regard it as a new struc- 
ture, arising contemporaneously with the seed habit, and related in some way 
to the “encasement” that so often accompanies reproductive activity. 


The reasons for regarding Physostoma as a member of the Lagenostoma 
group are given in detail, and the conclusion is reached that it is the “‘most primi- 
tive seed yet come to light,” the plant to which it belongs probably being one of 
the Lyginodendreae. The reasons for the conclusion quoted above are not quite 
clear, and seem to contradict some rather convincing conclusions reached by the 
same author in his study of Stephanospermum and other paleozoic seeds.—J. M. C. 


Sterility in hybrids.—TiscHLER® has a lengthy treatment of the subject of 
sterility in hybrids. A preliminary paper, summarizing his conclusions, has 
already been reviewed in this journal.?7_ The present paper is in two parts, the 
first presenting the cytological data and the second dealing with the theoretical 
conclusions. The use of charcoal in drawings can scarcely be recommended for 
clearness, many of the figures being mere smudges, and they furnish no sufficient 
evidence of such cytological matters as the pairing of threads in synapsis. Pollen 
formation, and in some cases megaspore formation, is described in hybrids of 
Mirabilis, Potentilla, and Syringa. A variety of irregularities, such as are com- 
mon during the reduction divisions in hybrids, are described, including formation 
of extra nuclei by chromosomes left in the cytoplasm and failure of one or both 
reduction mitoses. In other cases the reduction processes were normal, but there 
was a lack of cytoplasm and the pollen grains failed to grow. Potentilla rubens, 
cultivated in dry and hot conditions, matured good pollen, but after fertilization 
the young embryos died. In all cases a paucity of cytoplasm was observed, begin- 
ning during or after reduction. 

TISCHLER concludes that the cause of sterility is not any lack of harmony 
between the chromatic elements. However, it seems necessary to assume some 
“‘incompatibility” of the chromatins or plasms, which makes itself evident 
during the formation of reproductive cells, for otherwise there is no explanation 
why a plant continues to show vegetative growth and yet fails to mature its germ 
cells. Instead of a chromosome incompatibility, perhaps we may have in the 


6TiscHLER, G., Zellstudien an sterilen Bastardpflanzen. Arch. Zellforschung 
1333-151. figs. 120. 1908. 
7 Bot. GAZETTE 45:68. 1908. 
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cytoplasm some process which is symbolized by the pairing of chromosomes in 
synapsis, and which, owing to differences in the composition of the parental idio- 
plasms, leads to derangement and finally cessation of the metabolism that had 
previously been carried on successfully. Some such hypothesis is necessary to 
explain why failure of growth usually begins with germ cell formation, and the 
necessity is not lessened by the fact that sterility is a purely relative phenomenon 
produced also_by other conditions than hybridization. 

TISCHLER agrees with Jost that the increased luxuriance of some hybrids is 
probably due to a ‘‘poisoning” effect of one species on the other. Some of the 
cases of self-sterility bear a similar interpretation. 

Three classes of facts are cited to show that there is not a segregation of charac- 
ters during reduction in Mendelian hybrids: (1) Cases of vegetative splitting, 
as in Syringa correlata and Cytisus Adami. (2) Certain cases of latency or cryp- 
tomery (TSCHERMAK); e. g., the crossing of two white forms having certain other 
characters gives a violet hybrid. But such cases have been otherwise explained 
by the Mendelians. (3) Characters mendelize which cannot be represented by 
distinct portions of the idioplasm. Here are cited annual and biennial races of 
Hyoscyamus niger, immunity and non-immunity to rust in certain grains, and 
sterility and non-sterility in Lathyrus. On the other hand, it might be said that 
if the chromosomes are unlike, then each must represent some general property 
of the whole organism, if it represents anything. TISCHLER concludes that in 
the reduction divisions there is not a true segregation but latescence (Latentwerden) 
of characters. It is questionable whether this is an improvement over the idea 
of chromosomes or representative particles in the dominant and recessive con- 
dition in the germ cells, a hypothesis which will undoubtedly have to be given 
up. Drosera rotundifolia X longifolia produces pollen grains in tetrads, and in 
some cases two grains of a tetrad have characters belonging to each parent. This 
indicates a splitting of characters during reduction. But BATESON crossed races 
of Lathyrus having long and round pollen, in which all the F,; had long pollen 
and the F, gave long:short in the ratio 3:1. From this it appears that it is pos- 
sible to have Mendelian behavior without segregation of characters during 
reduction. 

The frequent sterility in mutants, accompanied by similar irregularities to 
those in“hybrids during reduction, as the reviewer has shown,® TiscHLER also 
ascribes.to some disturbance of the idioplasm.—R. R. GATEs. 


Temperature and growth.—Beginners in research will do well to study this 
paper by Batts.° It is of a type really too rare. It shows how a keen scientific 
discernment is alert to appreciate the significance of a casual observation in its 
bearing upon a fundamental problem. It shows how difficulties may be overcome 


8 Gates, R. R., Pollen development in hybrids of Oenothera lata X O. Lamarckiana, 
and its relation to mutation. Bot. GAZETTE 43:81-115. pls. 2-4. 1907. 

9 BALLS, LAWRENCE W., Temperature and growth. Annals of Botany 22:557- 
591. 1908. 
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by ingenuity in devising efficient apparatus and illustrates the potency of logical 
inquiry. One unfavorable criticism is that the scientific name of the organism 
is not given. During a study of a pest of the cotton crop in Egypt, the author 
noted that cultures of this “‘sore-shin” fungus showed a notable difference between 
the thermal death-point and the temperature inhibiting growth. This observation 
suggested an analysis of the temperature factor in its effects upon growth. It is 
stated that the hyphae of this fungus are morphologically and physiologically 
equivalent, in that spore-formation, sexual or asexual, does not occur. Of course 
this statement is not to be taken literally, as it would be very difficult to say that 
all the hyphae of a given fungus are physiologically equivalent. As a matter of 
fact, the author himself states that in liquid cultures at 20° C. resting cells are 
formed in abundance. If the cultures are grown at 34° C. growth ceases (culture 
becomes’stale) much earlier than at lower temperatures. ‘This feature of “‘stale- 
ness”’ or of discontinued growth was found to be caused by the accumulation of 
substances which retard and if sufficiently concentrated stop growth. The sub- 
stance or substances which originate in the organism as a result of the effect of 
temperature, and whose influence is to inhibit growth, have been isolated from 
the organism as products of katabolism, though they have not been chemically 
identified. To such katabolites the provisional name of ‘‘X” is given. From 
a large number of tests whose results are tabulated, illustrated by appropriate 
curves and verbally discussed, it appears to be demonstrated (a) that with increas- 
ing temperature there is a regular acceleration in the rate of growth up to 30° C. 
and this acceleration approximately fulfils the expectation based upon VAN’T 
Horr’s law; (b) above 30° C. the growth-rate acceleration decreases as the factor 
of time becomes limiting; (c) later growth stops at a fairly definite temperature, 
which the author proposes to call the “‘stopping point;”’ (d) the optimum is there- 
fore not a definite temperature but a status of the organism in which the effects 
of the factors of time and of temperature physiologically balance. As would be 
expected the style and composition of the paper are consistent with the logical 
development of the investigation —RaymonD H. Ponp. 


Seedlings of conifers.—With the hope of finding facts of phylogenetic impor- 
tance, Hitt and FRAINE began, some time ago, a comparative study of the transi- 
tion region in seedlings. Their preliminary announcement of results was noted 
in this journal;?° the first paper of the series has appeared recently.?* 

The species examined in this part of the work are included in thirteen genera 
of the Coniferales. Two subfamilies of the Taxaceae are represented, the Podo- 
carpineae and the Taxineae; and of the Pinaceae two subfamilies, the Taxodineae 
and the Cupressineae. In all the conifer seedlings examined the authors find 
the transition to be according to VAN TIEGHEM’s type 3 or a modification of it. 
In all but Podocarpus, which has two, there is only one vascular bundle in each 





10 Bot. GAZETTE 43:77. 1907. 


1 Hitt, T. G., AND FRAINE, E. DE, The seedling structure of gymnosperms. I. 
Annals of Botany 22:689-712. 1908. 
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cotyledon. The cotyledonary bundles contain either centripetal xylem or its 
lineal descendant, transfusion tissue, the pronounced mesarch bundle occurring 
in greater proportion in the Taxineae (Taxus and Cephalotaxus). With respect 
to the number of cotyledons, only members of the Pinaceae (Cryptomeria and 
Sequoia gigantea in the Taxodineae, and Libocedrus and some species of Cupres- 
sus among the Cupressineae) have more than two. The presence of resin ducts, 
likewise, was observed only in the Pinaceae, Juniperus having them in the leaves, 
and the Taxodineae having them in the cotyledons in all the forms examined, 
except Widdringtonia. Two instances of fusion of cotyledons are reported: in 
Widdringtonia Whytei, the two cotyledons unite laterally to form one, recalling 
the leaf of Sciadopitys; in Cupressus torulosa, the cotyledons fuse near the base 
to form a tube. In every case the number of root poles corresponds with the 
number of “‘whole”’ cotyledons. 

The authors believe that dicoiyledony is the more primitive condition, and 
that the polycotyledonous form has been derived from it by splitting; but the 
statement of their reasons for this conclusion is deferred to a future paper. 

It is a hopeful sign that the authors did not intrust this valuable collection 
of seedlings to the mercy of a razor; to read that the sections were made in an 
orderly fashion with the help of a microtome gives double assurance that the obser- 
vations are accurate.—HELEN A. DoreTy. 


Root excretions.—STOKLASA and Ernst‘? report a conclusive piece of work 
on root excretions. The excellent technique these workers have developed in 
handling similar problems makes their contribution in this much disputed field 
unusually valuable. They find that no acid (organic or inorganic) except H,CO, 
is excreted by roots, if they are fully supplied with oxygen, so that aerobic respira- 
tion is unrestrained. In limited oxygen supply, certain organic acids are formed 
and excreted; but in no case is any inorganic acid or salt excreted; not even mono- 
potassium phosphate, contrary to the claim of CzAPpEK. The organic acids appear- 
ing under limited oxygen supply vary with the plant used. Buckwheat and 
barley give formic and acetic acids; oats and maize, formic; and the beet, oxalic. 
STOKLASA and Ernst believe these acids arise from the incompletely oxidized 
products of respiration. In a full oxygen supply they maintain that these acids 
are oxidized to carbon dioxid and water. 

The authors are to make an exhaustive investigation of the question whether 
any hydrogen is produced in the aerobic respiration of roots, and what organic 
acids are excreted by the roots of many other species of plants under limited oxygen 
supply. 

The authors also determined the amount of CO, excreted by the root systems 
of barley, oats, rye, and wheat. The barley root-system gives off the greatest 
amount of CO, and produces the greatest dry weight. The quotient arising from 


12 STOKLASA, J., AND Ernst, A., Beitrage ziir Lésung der Frage der chemischen 
Natur des Wurzelsekretes. Jahrb. Wiss. Bot. 46:55-102. 1908. 
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dividing by the dry weight of the root system the weight of CO, produced is least 
in barley and greatest in oats. This quotient is considered as the indication of 
the specific energy of respiration. 

The authors point out that the injury to farm crops by insufficient aeration 
of the soil probably arises from the accumulation of the highly toxic organic acids 
due to the incompletely oxidized products of respiration. 

It should be mentioned here that the authors have studied only the aliphatic 
excreta and make no mention of any of the aromatic series.—W. CROCKER. 


Graft hybrids.—The question of the occurrence of graft hybrids has long been 
undecided, and the possibility of their existence has even been denied. WINKLER 
undertook an extensive series of experiments on this subject, using as material 
two species which will not hybridize in the ordinary manner, namely Solanum 
nigrum and Solanum lycopersicum. In an earlier paperts he dealt with the 
production of what he calls chimeras, that is shoots, one side of which resembles 
either parent, the cells of the two parents growing in juxtaposition without modify- 
ing each other. He has finally succeeded** in producing a true graft hybrid 
between the same species by the same method.'5 In all, 268 grafts were made, 
which after decapitation produced over 3000 adventitious shoots. Five of the 
latter were chimeras and a single one a graft hybrid, which came from grafting 
S. lycopersicum on S. nigrum. After decapitation the cut surface of one graft 
produced 14 adventitious shoots, 8 of which were pure S. nigrum, 5 S. lycopersicum, 
and 1 the graft hybrid. The latter was detached and rooted, finally producing 
flowers. It is intermediate in character between the parents, though somewhat 
nearer S. nigrum. The purity of both parents was assured by using guarded 
‘‘pure line” cultures. WINKLER names the hybrid S. tubingense, and proposes 
to use the sign + for graft hybrids instead of X, the sign for a sexual cross. Two 
other adventitious shoots are also probably intermediate in character, one of them 
being nearer the S. lycopersicum. 

STRASBURGER,’® in a cytological study of the reputed graft hybrid Cytisus 
Adami, found the number of chromosomes to be the same as in each parent. 
Several interesting cytological questions, which WINKLER hopes to determine, are 
involved in the nuclear and chromosome behavior of his graft hybrid. Appar- 
ently there must be a union of cells, nuclei, or chromosomes, or perhaps of all 
three, in the production of this form.—R. R. GATEs. 


13 WINKLER, HANns, Ueber Pfropfbastarde und pflanzliche Chimiren. Ber. 
Deutsch. Bot. Gesells. 25:568-576. figs. 3. 1907. 
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, Solanum tubingense, ein echter Pfropfbastard zwischen Tomate und 
Nachtschatten. Ber. Deutsch. Bot. Gesells. 26a:595-608. figs. 2. 1908. 


15 Briefly described by the reviewer in Bot. GAZETTE 4'7:84. 1909. 


16 STRASBURGER, E., Ueber die Individualitat der Chromosomen und die Pfropfhy- 
briden-Frage. Jahrb. Wiss. Bot. 44:482-555. pls. 5-7. fig. I. 1907. 
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Germs in the air.—Sarro has determined, by agar and gelatin plates, 10 
in each experiment and exposed by the ancient method (cf. SepGwick and TUCKER, 
12th Ann. Rep. Mass. State Bd. Health, Boston, 1889), the number of bacteria, 
as counted by colonies, and the kinds found in the University garden and the street 
air of Tokyo.'? Several of these tests were made in each month of the year, with 
observations as to temperature, humidity, wind, etc. He found a high street 
average in July and August during a period of dust and dryness following a wet 
season. The garden average increased in November and December in proportion 
to a large number of windy days. Snow or rainfall always cleansed the air of 
germs. Of the 55 Bacteriaceae and 17 Coccaceae found, Saito described 18 
as new species, without making much attempt to relate these to forms already 
known. It is difficult to see, for instance, wherein his B. rujulus differs from 
B. rubiginosus described by CATAINO in CoHN’s Beitrage 7:538. 1896; and Sarcina 
agilis appears to differ from M. agilis as described by Migula in 1897 only in the 
easily lost character of pigment formation. Mbotile sarcinas, however, are rare 
and should be carefully studied —Mary HEFFERAN. 


Anatomy of Saxegothaea.—This monotypic conifer, restricted to the wet 
woods of the upper slopes of the Andes of Chili, has long been in demand for 
morphological investigation. When LiInpDLEy described it in 1851, he called 
attention to the transition characters it exhibits between Taxaceae and Pinaceae. 
Allied with the Podocarpineae in what are regarded as the more important charac- 
ters, it shows even more resemblance to the Araucarineae than do the other podo- 
carps, especially in its wingless pollen grains and distinct cone of spirally arranged 
sporophylls. Stirest® has examined the anatomical structure of two specimens 
in cultivation in England, and concludes that the genus is relatively primitive. 
The structure of the wood of the stem and of the medullary rays is simple; and 
this, taken together with the simple arrangement of the sporophylls, has convinced 
the author that Saxegothaea is at least the oldest of the podocarps, and shows 
derivation from a common ancestral stock with the araucarians.—J. M. C. 


Potato breeding.—East’® considers the extensive record of the history of 
the potato, and future methods of its improvement. Many interesting biological 
facts of variation and hybridization in the potato are brought together, as well 
as practical suggestions for the improvement of varieties. The cultivation of 
other species of Solanum for tuber production has not been marked with success, 
but it is hoped that crosses of the common potato with S. Commersonii may pro- 
duce varieties which are more resistant to disease. Methods of improvement 


17 Saito, K., Untersuchungen iiber die atmosphirischen Pilzkeime. Jour. Coll. 
Sci. Univ. Tokyo, 23:no. 15. pp. 77. jigs. 19. charts 2. 1908. 

18 Stites, W., The anatomy of Saxegothaea conspicua Lindl. New Phytol. 7: 
209-222. figs. 28-34. 1908. 

19 East, E. M., A study of the factors influencing the improvement of the potato. 
Ill. Agr. Expt. Sta. Bull. 127. figs. 10. 1908. 
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include (1) crossing under controlled conditions, (2) selection of fluctuations, and 
(3) selection of wider variations and a study of ways of causing them, graft hybrids 
being a possible method.—R. R. GATEs. 


Salts of aluminum.—F vr?’ finds that aluminum salts cause the disappear- 
ance of starch from Spirogyra and other water plants, even when they are well 
illuminated. It likewise renders the protoplasm permeable to ordinary plasmoly- 
tic agents. The disappearance of the starch is probably due to the joint action 
of three effects of these salts: loss of sugar through the permeable protoplasm, 
the increased diastatic action, and the slower photosynthetic activity. If glucose, 
glycerin, or isodulcitol is mixed with the aluminum salt, the salt does not then 
render the protoplasm permeable.—Wwa. CROCKER. 


Transpiration and water storage.—SHREVE?' finds that Séelis ophioglos- 
soides, a water-storing epiphyte which grows at mid-height in the rainy forest of 
Jamaica, is less able to resist continued drought than Guzmania tricolor, an epi- 
phyte which does not store water, but grows at the top of the rainy forest. Stelis 
reduces its transpiration almost to nothing when forced to draw upon the stored 
supply in the leaves. With an abundant external supply, it shows rather rapid and 
regular transpiration WILLIAM CROCKER. 


Branch cankers of Rhododendron.—VoN SCHRENK?? describes some interest- 
ing swellings of the branches of Rhododendron maximum that are produced where 
dead twigs have fallen. The healing layer starts to develop at a distance from the 
base of the fallen twig, and in a few years a large swelling results. The chief 
interest in the phenomenon arises from the fact that a gall-like structure is pro- 
duced without the intervention of a parasite—H. C. CowLes. 


Virescence in Oxalis.—Hus?5 has been studying plants of Oxalis stricta with 
bright green petals, but which are otherwise representative of the species. While 
the green petals approach sepals in structure in some respects, they retain other 
characteristics of the ordinary petals. The new form, which has been named 
Oxalis stricta viridiflora, is constant from seed, and is to be made the object of 
careful study.—H. C. Cow Les. 


20 FLurtI, MAx, Der Einfluss von Aluminiumsalzen auf das Protoplasma. Flora 
99:81-126. 1908. 


2t SHREVE, Forrest, Transpiration and water storage in Stelis ophioglossoides. 
Plant World 11:165-172. 1908. 


22 SCHRENK, H. von, Branch cankers of Rhododendron. Mo. Bot. Gard. Rep. 
18:77-80. 1907. 
23 Hus, H., Virescence of Oxalis stricta. Mo. Bot. Gard. Rep. 18:99-108. 1907. 
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